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A Theory of Exhalative-Sedimentary Ores 
By 


CHRISTOFFER OFTEDAHL 


Abstract 


Welded tuffs and similar acid pyroclastics get an increasing geologic importance in 
1e later years. With this as a background the author suggests that one specific geologic 
rocess for ore formation is of higher importance than formerly realized. This process 
precipitation of metals in volcanic gases, escaping from a crystallizing granitic magma 
aamber into the sea. From igneous rock provinces like the Oslo region it is learned 
lat gases containing a great number of metals (Fe, Cu, Zn, Pb, Sb, Bi, etc.) are 
spelled from granite plutons to form contact pneumatolytic (or pyrometasomatic) 
eposits. It is suggested that such gases, when emitted at the sea bottom, may be the 
yurce of the orogenic pyrite and magnetite ore beds in the Caledonides of Norway and 
weden as well as the Rio Tinto type of deposit. The Fosen type of magnetite ore 
id the Central Swedish iron ores are explained in the same way, because they also 
e concordant ore beds in a supracrustal rock series, closely associated with acid 
yroclastics. Another district with iron ore of generally assumed exhalative-sedimentary 
tigin is the Lahn-Dill district of Germany. 

It is further suggested that the iron formations, which often, but not always, are 
snetically connected with volcanism, have their iron source in volcanic exhalations. 
{t is argued that the only probable explanation of the quite suddenly appearing iron 
| the sea, precipitating as sedimentary iron ore beds, is that the iron is exhalative in 
‘igin. By the gas emission it goes into solution and is precipitated when permitted by 
.e chemical environment of the ocean. The factors determining this precipitation are 
iscussed. 

Sedimentary features are shown by some types of ore beds, carrying zinc, lead, and 
ypper, and it is tentatively suggested that also such ores may represent precipitations, 
ist like the sedimentary iron ores. 


Introduction 


After the Second World War a number of geologists have published papers 
1 what was earlier considered as acid lavas. These “lavas” are now interpreted 
welded tuffs, ignimbrites. The discovery of the widespread occurrence of such 
ks is by many geologists considered as one of the foremost discoveries in 


sneral geology during the post-War period. 
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It is too early to make a generalisation and conclude that all the thin and 
very extensive lava flows of granitic composition have not flowed at all, but 
are pyroclastic in origin. But I think that the tendency in the near-future field 
geology will be in this direction. In this article another generalisation will be 
attempted. When the products of volcanic explosions become more important 
also the gas emissions accompanying these explosions will get an increased im- 
portance in our general store of geologic information. Below I want to present 
a theory outlining the origin of some types of ore occurrences, where these gai 
emissions are the source of the heavy metals in the ores concerned. 

The development of the mentioned hypothesis was initiated by the presenta: 
tion of a careful summary of both field observations and microscopic structures 
of ignimbrites by Hyztmavist (1956). By applying his knowledge to a forma. 
tion of quartz porphyry in the West Central Sweden (the Dala porphyries). 
Hyetmevist concludes that also these pre-Cambrian rocks are ignimbrites. The 
photomicrographs of Hyetmgvist, as well as those presented by Entrows (1955) 
are very similar to the structures shown by a group of felsitic rocks within the 
Permian igneous rocks of the Oslo region. I have elsewhere concluded (OFTE- 
DAHL, 1957) that all sill-like “intrusions” are ignimbrites. 

Many geologists have had difficulties in giving a plausible explanation te 
alternating lava flows of basaltic and rhyolitic composition. As example may 
be mentioned the thin but very extensive beds of greenstone and quartz kera- 
tophyre in the Caledonian Fosen district in Norway. The geology of these in. 
timately associated beds and the accompanying iron ore beds has recently beer 
worked out by H. Carstens (1955). CarsTeNs concludes that this associatior 
demonstrates alternating effusions of basic and acid lavas. ‘The iron ore beds 
which also belong to this association are considered by Carstens as formed by 
precipitation of the metals in the gas exhalations, accompanying these effusions 

In another paper I have suggested that the quartz keratophyres are not lava: 
but tuffs. Then the ore horizon is formed by precipitation of the iron in the 
gases that accompanied the ash explosions (Orrepant, 1958). 

In this way my attention was focused on the magmatic gases dispelled during 
the acid, explosive type of volcanism, and these gases are considered below 
with the igneous province of the Oslo region as major example. 


Acknowledgement. The author has profited on discussions with Prof. I. Th. Rosen 
quist. Prof. T. F. W. Barth has kindly read the manuscript. 


Volcanic and Magmatic Gases of Economic Importance 


The fumaroles of present day volcanism carry, besides water vapour, gase: 
with a considerable number of elements. From some especially interesting areas 
(e.g. The Valley of ‘Ten Thousand Smokes in Alaska) a great number ol 
chemical compounds are reported. 

An example of how fast the mineral formation by pneumatolytic processe: 
can be is cited from Brerruaupr by Beyscutac, Kruscu and Vocr (LS tte 
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8). During an active phase of Vesuvius in 1817 a fissure, more than three 
et wide, was filled with hematite in ten days by reaction between iron chloride 
1d water vapour. 


The only deposits of economic importance, however, may be those of native 
Jphur and boron. 

It has been debated whether the gases originate from a crystallizing magma 
from the solution effect of heated surface water. Therefore we turn to the 
pe of ore deposits which obviously originate from gases given off by a crystal- 
ing magma: the pyrometasomatic or contact-pneumatolytic deposits. They are 
und at the margin of or immediately adjacent to the bedrock of plutonic 
neous bodies, and ore geologists nearly unanimously agree that these deposits 
e formed by interaction of the bedrock and the high temperature magmatic 
is driven off during the last phase of crystallization within the plutonic body. 
_the text books of ore geology many such occurrences are described throughout 
e world, and here those of the magmatic province of the Oslo region are 
ed as example. 

The co-magmatic igneous rock series of the Oslo region ranges from gabbroic 
granitic rocks. They may be grouped as follows, starting with the oldest: 

1. Gabbroic rocks occur in volcanic necks and in extensive lava flows as 
isalts of various types. 

2. The monzonitic rocks occur as large deep-seated bodies of larvikite and 
the extrusive equivalent, — rhomb porphyries. 

3. Syenitic rocks make up large plutonic bodies of nordmarkite. In the 
unger part of the rhomb porphyry lava series there occur monzonitic to 
enitic tuffs and syenitic to granitic welded tuffs. 

4. The granitic rocks make up smaller plutonic bodies than the above 
entioned. There are two varieties; the soda-rich variety (ekerite), carrying 
da-rich dark silicates, is clearly distinguished from the biotite granite (Dram- 
en granite). In light of modern feldspar research it seems probable that the 
otite granite, with orthoclase and plagioclase in separate crystals has crystal- 
ed at a lower temperature than the ekerite in which the feldspar is a crypto- 
rthite or a microperthite. The biotite granite may also be the younger variety. 
A number of ore deposits have been found around the bodies of deep-seated 
cks. These deposits are located at the very contact or close to it in the ad- 
cent Cambro-Silurian sediments, essentially limestones and shales. They have 
en labelled pneumatolytic contact deposits in the surveys of these occurrences 
J. H. L. Vocr (1884), in the various publications by W. C. Broccrr, and 
the famous monograph of the contact metamorphism by V. M. Gotpscumipt 
pili). 

These occurrences are mostly situated at the contacts of the biotite granite, 
th the Skreia and the Drammen areas as the most important. Some lead 
neralization is known in the soda granite. A few areas are connected with 
iat J. H. L. Voer called granite, but what W. C. BROGGER and co-worker 
er mapped as nordmarkite (e.g. the Grorud area). This nordmarkite is, how- 
er, a quartz syenite, intermediate between syenite and granite. No occurrences 
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are situated around monzonites or ordinary syenites. Therefor the Oslo region 
shows that enrichment in metal-bearing gases in a consanguineous magma series 
occurs at the end of the magma development, — in the granite stage. 

From the mentioned descriptions it is possible to conclude that the magmatic 
gases given off in a late phase of the crystallization of the acid magma contained 
the following heavy metals: 

1. Iron is clearly the dominating element, as witnessed by a great number 
of small magnetite deposits, especially in the Skreia area, northernmost part 
of the region. 

2. Copper comes next in importance. A number of small occurrences 
carry so much that they were mined on copper for a short time. 

3. Then follow zinc and lead, and in decreasing importance, bismuth, 
antimony, arsenic, and traces of nickel, cobalt, etc. 

The minerals of the ores are as follows. Magnetite is a chief iron mineral; 
hematite is relatively rare. The copper minerals are chalcopyrite, chalcocite, 
and bornite. The first mineral is widespread but relatively rare. The two others 
are relatively common in the copper occurrences, as for instance those in Grorud 
(just east of Oslo). Then come sphalerite, galena, bismuthinite, hematite, pyrite. 

Molybdenum and tungsten are the latest elements given off by the crystallizing 
granite magma; these elements show up in quartz veins carrying molybdenite 
and scheelite. 

Thus the contact deposits of the Oslo region show beyond doubt that the 
gases given off from crystallizing quartz syenite and granite magmas contained 
a considerable number of heavy elements. They show a faint tendency of areal 
arrangements, in that iron predominates alone in the northern part of the 
region (the Skreia area) whereas the middle part of the region (Grorud — 
Drammen areas) carry considerably more of copper, zinc, and lead. Apart from 
that the areal distribution may be said to be haphazard. 

Now one may ask if such gases ever ascend to the surface in larger quantity. 
If they do so, then continental and submarine volcanism give two different 
pictures. The gases of land volcanoes go up in the air and leave no witness of 
eventual heavy metal compounds. If gas emission occurs below the sea, the 
heavy metal gases will either be soluble or not soluble in sea water. If they are 
not dissolved in the water, they either bubble through the water, or they will 
at once be precipitated on the sea floor as a bed of oxide, sulphide, or possibly 
carbonate in the immediate vicinity of the gas emission. If the gases are dissolved, 
the metal content of the sea water will very suddenly increase, and this metal 
content will spread very rapidly, giving birth to widespread, sedimentary ores. 

The most well-known case from actual geology may be that of Vulcano, one 
of the Eolian Islands. Quite recently Hyetmgvist (1951, p. 490) has visited 
the shore zone north of the active volcano Fossa di Vulcano, which is the scene 
of the fumarole activity. “Below the water table pyrite and marcasite are de- 
posited in the vesicles and pores, and replace the rock nearly completely. One 
can find compact blocks of obsidian, nearly completely transferred to pyrite 
Farther from the fumaroles formation of limonite occurs” (author’s translation 
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rom Swedish). Hyermavist further reports that submarine gas emissions occur. 
m one place at Vulcano they heated the Mediterranean to a temperature of 
ee 

Naturally it is quite difficult to obtain much information of this sort. So we 
lave to rely on the fact that magmatic, metal-bearing gases do exist, and that 
hey may escape to the sea during submarine volcanism. If these facts are 
ombined with what is known about a long series of ore deposits it is possible 
© give very simple and easily understandable explanations of the ore-forming 
rocess or the source of the metal itself. In the following I will attempt to 


xplain the origin of some types of ore occurrences by what may be called the 
xhalative-sedimentary theory. 


Caledonian Pyrite and Magnetite Ores of Exhalative- 
Sedimentary Origin 


C. W. Carsrens (1919) suggested that certain types of pyrite occurrences 
n the Norwegian Caledonides are exhalative-sedimentary in origin and charac- 
erized by occurring as thin but extensive horizons and by poverty in other ore 
minerals: the Leksdal Type. 

As mentioned in the introduction H. Carstens (1955) showed that the 
ssociation of the iron bed with basic and acid lavas in the Fosen district strongly 
uggests an exhalative-sedimentary origin. By recognizing the acid lavas as 
uffs, I link up the iron precipitation with the acid volcanism, producing both 
uffs and gases. 

In the Grong district of northern Norway the late state geologist S. Fositz 
as mapped a great number of small pyrite deposits of the Leksdal type. They 
ccur often intimately associated with magnetite beds. Also frequent are transi- 
ions from the one ore type to the other, as well as transitions to beds of bluish 
lack quartzite. These ores occur in greenstones which locally show pillow 
tructure and beds of jasper. Most often the ore zones occur where the green- 
tone contains beds of acid tuffs (quartz keratophyres) or agglomerates with 
cid bombs. 

In a description of the ore occurrences of the Grong district I have concluded 
Orrepaut, 1958) that all field geologic facts point to an origin as exhalative- 
sdimentary precipitations for both pyrite and magnetite ore beds of this type. 
‘he observations suggest a genetic relationship between the gas exhalations and 
he acid pyroclastics: the gas exhalations were often if not always accompanied 
y submarine ashfalls of granitic composition. The relations governing whether 
1e precipitates are oxidic or sulphidic will be considered later. 

The exhalative-sedimentary theory also furnishes a simple explanation for 
iulphide ores in mica schists, but genetically connected with acid beds, called 
ranulite, trondhjemite, or quartz keratophyre. These beds I regard as acid 
ibmarine tuffs, and the explosions producing the ashes, also delivered the 
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iron-bearing gas which was precipitated as pyrite. Most well-known examples 
of such deposits are Bjorkasen and Foldal. Metamorphism and orogenetic move- 
ments may have especially altered the lastmentioned deposit. The deformation 
process has been explained by Th. Voer ( 1952)2 

None of the pyrite ores of the Leksdal type in the Grong district have economic 
importance. But there are some deposits of another type in the district, the 
largest being Joma, of 15 mill. ton copper-bearing pyrite ore. C. W. CarsTENs 
(1932) considered these deposits, together with the well-known Norwegian 
deposits Lokken, R6ros, and Sulitjelma, as epigenetic in origin, formed by 
metasomatism that originated in either a gabbro or a granite magma. But all 
deposits together with adjacent rocks have undergone folding, thrusting, me- 
tamorphism and a faint metasomatism. I suggest that the metasomatism, if it 
is of any importance at all, is tectonically governed. Then the sedimentary 
pyrite beds have furnished the material that has been moved. Such metasomatic 
movement is favoured by reduced pressure, and this happens when thrust move- 
ments occur along a doubly curved surface, e.g. at the tectonical lee-side of 
gabbro faccoliths (Lékken, Sulitjelma, partly Réros) or within a doubly folded 
layered series (e.g. Joma). 

It is also possible that these deposits are directly exhalative-sedimentary. Then 
they are deposited around a single submarine volcano or vent by nearly in- 
stantaneous precipitation of the emitted gases, — the “near-emission type” of 
exhalative-sedimentary deposits. The different shapes of the deposits (round or 
oblong lense, ruler-shape) are then explained as depositional features, deter- 
mined by ocean streams. 

Thus we find within the Norwegian Caledonides all steps from the primary, 
exhalative-sedimentary pyrite ore (Vigsnes), to the more or less metamorphosed, 
sheared, and metasomatically recrystallized deposit, so that the original ore bed 
may assume a completely metamorphic habit. 

The Japanese sulphide deposits which show great similarity to the Norwegian 
ones, may well have been formed in the same way as the Norwegian ones. Also 
the well-known Rammelsberg deposit and similar deposits in Germany are in 
many ways similar to the Norwegian deposits, as shown by J. H. L. Vocr (1894). 
A combined exhalative-sedimentary and tectonic-metasomatic origin has been 


suggested in several papers, as for instance in the detailed study of Rammels- 
berg by Ramponr (1953). 


The Rio Tinto Pyrite Deposit 


The geologically striking feature about the Rio Tinto ore body is that it is 
situated on the contact between schist and porphyry. The overlying porphyry 
is a potash-rich rhyolite. Is this rock a lava flow or a tuff? I suggest that the 
rock is a tuff; thus the geologic setting of the ore body becomes at once under- 
standable. ‘The concordant ore body represents the chemical precipitate of the 
iron (and sulphur?) of the submarine gas emissions from explosive granitic 
magma. After the gas blasts followed the pyroclastics, as usual, see Fig. 1. 
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Fig. 1. Sketch map and cross sections of ore bodies, Rio Tinto, Spain. From Linpcren, 1933, 


Consequently the pyrite bodies of the Huelva province are exhalative-sedi- 
mentary in origin. The following orogenesis has subsequently given both rocks 
and ore bodies a metamorphic appearance. The metamorphic features are 
discussed by SCHNEIDERHOHN (1941, p. 411—412) who concludes that the Rio 
Tinto deposit is “hypoabyssisch — hydrothermal’ in origin. In my opinion 
all features can satisfactorily be explained by the metasomatism accompanying 
the orogenetic movements which the ores have undergone. In general these 
features are quite like those shown by the Norwegian deposits. 


s 


Iron Ores of Central Sweden 


The iron ores of Central Sweden have been of the greatest economical im- 
portance to the country for several hundred years. In the later decades the 
geology of a number of deposits has been described by P. Getjer and N. H. 
Macnusson. In his textbook of ore geology Macnusson (1953, in Swedish) has 
presented an excellent review of these iron ore deposits, their geology, and their 
various genetic problems. Here two features will be shortly discussed: the mode 
of occurrence of the iron ore and the origin of their bedrocks. 

The various iron deposits show gradations from a typical sedimentary ore 
(blood-stone) to typical skarn occurrences. Macnusson (1953, p. 208) thinks 
that most of the skarn deposits have got their skarn habit by granitization, 
although it is not excluded that some deposits have a primary skarn origin. 
Primarily the iron ores are considered as chemical sediments or surface-near 
metasomatic products (p. 196); only the apatite iron ores are assumed to be 
magmatic intrusions (p. 227). More informations concerning their origin are 
obtained from the bedrocks of the ore. 

The iron ores are genetically associated with very fine-grained rocks of granitic 
composition, called leptite and hilleflinta. Macnusson (1953, p. 179—198) 
describes these rocks and concludes that “leptites and halleflintas represent, 
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Table I. Chemical Analyses of Acid Tuffs 


a eee 
| 1 | 2 | 3 4 | 5 | 6 | 7 | 8 
i pon) oc 75.26 78.16 63.27 | 71.46 66.70 75.28 70.37 
Ge re — 0.10 0.15 0.59 1.24 0.74 Se Oe9 0.31 
AleOs .| 12.37 12.36 12.02 16.88 | 15.00 15.97 13.03 >) GIB EGY! 
Fe2O3 . 1.55 0.46 2.00 1.47 0.67 4.40 1.82 0.90 
eEQaaas 1.06 0.81 0.29 2.63 1.18 0.27 (32 3.08 
MnO... We, 0.04 0.04 0.03 0.24 0.58 0.02 0.08 
MgO ...| 0.27 0.17 0.29 1.84 0.46 0.29 0.46 1.26 
CHO. ..,|| Ose 1.01 1-28 2.98 0.72 0.33 1.55 0.59 
Na2zO . 3.16 1.09 5.11 2.68 1.92 4.96 3.69 7.20 
KoOea- 3.49 8.48 0.54 6.80 4.90 4.96 1.66 0.05 
IsbfOrr sol] (Wee — 0.44 0.65 0.94 0.88 0.97 0.78 
IGKO ac a == — 0.07 — — 0.03 0.02 
P2Os ... = 0.08 0.05 0.31 tr: 0.06 0.04 0.09 
COs wee: — — — — 0.16 — 0.04 0.13 
99.59 99.86 100.37 | 100.22 | 98.89 | 100.14 100.17 100.13 
=O for S:? | incl 
0.02 FeS,: 0.73 
100.15 | 8S = 
Incl. 
BaO: 0.03 
S: C.04 


. Halleflinta, Laxarby, Central Sweden. Larsson, 1932, p. 100. 

Potash leptite, Bispberg, Central Sweden. Larsson, 1932, p. 100. 

. Soda leptite, Bispberg, Central Sweden. Larsson, 1932, p. 100. 

. Welded tuff, (»Lathus porphyry»), the Oslo region. Holtedahl, 1943, p. 64. 
. Welded tuff (»>felsite»), the Oslo region. Oftedahl, 1946. p. 24. 

. Welded tuff (»felsite porphyry»), the Oslo region. Holtedahl, 1943, p. 64. 
. Keratophyre tuff, Grong area, Norway. Anal. M. Kliiver, Oslo, 24/4, 1944. 

. Keratophyre tuff, Grong area, Norway. Anal. M. Kliiver, Oslo, 12/1, 1939. 


COND OB WN 


in a more or less metamorphosed form, volcanic rocks, partly tuffs — 
partly in some cases re-deposited and mixed with foreign material (“tuff- 
ites”) — and partly lavas” (the author’s translation from Swedish). Thus Mac- 
NusSON in his conclusion is close to the generalization that leptites and halle- 
flintas are tuffs and tuffites. Therefore it seems that there is but a little gene- 
ralization done when I suggest to consider the leptite-halleflinta series as tuffs, 
formed from explosions in acid magmas. Limestone beds in this rock series 
show that the ashes, at least to some extent, were laid down in the sea. 

The alkali content of the leptite-halleflinta series varies considerably (see 
Table I), a fact much debated in the literature. Is this a primary feature of 
these rocks, or is it a secondary feature connected with metamorphism and 
granitization of the rocks? A partial answer to this question is to regard the 
leptite-halleflinta rocks as pyroclastics. 

In Table I are tabulated some analyses of typical examples and analyses of 
rocks that I consider to have a similar mode of origin in a general way. The 
welded tuffs of the Oslo region (earlier called felsite porphyries) show a varying 
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-omposition from a strong potash dominance to potash and soda contents like 
hat of the average granitic to syenitic rocks of the region (analyses Nos. 4, 5, 
and 6). Analyses Nos 7 and 8 show the composition of so-called “quartz kerato- 
ahyre”. clearly granitic tuff beds in submarine basalts. 

These analyses show that tuffs of granitic composition may show a surprising 
variation in the ratio NasO: K.O. The reasons for this may be primarily mag- 
matic, as must be the case with the Oslo pyroclastics, or possibly secondary, as 
may be the case with the spilitic quartz keratophyres. However this may be, 
it must be considered a fact that such variations do exist in acid tuffs. Thus 
we may safely label the Swedish leptites “tuffs”. 

Concerning the source of the iron in the sedimentary iron ores MAGNUSSON 
(1953, p. 181) states: “The material should thus be delivered by thermal wells 
and precipitated on the ocean floor” (author’s translation). Thus MAcNnusson 
expresses views on the origin of the Central Swedish iron ores that very nearly 
soincide with an exhalative-sedimentary origin, although somewhat vaguely 
expressed. I suggest that these iron ores be classified as exhalative-sedimentary. 


Iron Ores of the Lahn-Dill Districts, Germany 


The iron ore beds of the Lahn and Dill basins occur in a Devonian series 
of supracrustal rocks, keratophyres, basaltic lavas and tuffs (“schalstein”). 

SCHNEIDERHOHN (1941, p. 742—760) gives a thorough review of the geology 
of the districts and the new interpretations by E. LeHmann, who thinks that the 
<eratophyres are igneous rocks from a low-temperature magma, rich in soda 
and water. The basalts, albite-chlorite, and orthoclase-chlorite rocks, are con- 
sidered primarily magmatic of a new type and called “weilburgite”. The schal- 
stein is interpreted not as tuffs but as sediments impregnated by igneous ma- 
terial. The iron ores are recognized as genetically connected with the kerato- 
phyres and thus formed in some igneous way. 

Later SCHNEIDERHOHN (1944, p. 127-130) changed his views because the 
yenetic considerations of LEHMANN are contradictory to geologic facts. ‘Therefore 
SCHNEIDERHOHN returned to the views, commonly held by earlier authors, that 
‘the iron is exhalative-sedimentary in origin, and his heading of the chapter on 
the Lahn-Dill ores reads: “Untermeerische exhalativ-sedimentare Roteisenerze 
‘Keratophyr-Eisenerze” (Typus Lahn-Dill)”. I can only second the mode of 
srigin suggested by ScHNEIDERHOHN (1944, p. 130), but I am inclined to think 
that the iron-bearing gases are given off by a granitic magma and not by a 
sabbroic, although the iron ore seems in part closely associated with basalts. 
Concerning the geologic history of the districts, I. should like to point out 
hat it can be seen as a parallel to the history of the ores in orogenic districts, 
1s for instance the Grong district of Norway. The basalts are spilitic lavas and 
uffs, the keratophyres are basaltic to granitic tuffs, spilitic in composition and 
nixed with some sedimentary material, and the schalstein is finally a more 
nixed sediment also with considerable lime. Then it is easy to see the iron 
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ore of the Lahn-Dill districts also as precipitates of iron in the volcanic gases 


accompanying the granitic ashes. 


Iron Formations 


The term “iron formations” is originally used on the iron ores of the ranges 
of the Lake Superior district, and it is now to some extent used on extensive 
iron ore beds and their associated supracrustal rocks. One feature that distin- 
guishes them from other ores is the fact that they are banded with chert, jasper 
or quartz, depending on the degree of regional metamorphism. 

The Central Swedish iron ores are to a large extent such quartz-banded ores. 
They may perhaps be a school example of exhalative-sedimentary iron deposi- 
tion, in that they show such a close association with the acid pyroclastics which 
should accompany the gas emissions. The many other districts of the world 
show great variations in all important features, such as iron minerals developed, 
associated rocks, geological environment, etc. But one significant feature is 
common: Banding with quartz. 

The banding as such is the basis for assuming that the ores are sedimentary, 
and in my opinion the banding with quartz is indicative of an exhalative origin 
of the iron. 

Iron is the most dominant heavy metal in the Earth and also in the Earth’s 
crust. When iron is enriched in crustal magmas, this enrichment occurs either 
by settling of early formed crystals at high temperature or by enrichment of 
iron in the silicate and the gas phases at low temperature. But this gas phase 
will also contain as a gaseous compound silicon, the dominant metal of the 
crust. Thus I presume that iron-rich and silicon-rich gases nearly always accom- 
pany each other. The sharp and rhytmic banding which is frequent in iron 
formations may then be due to periodic, earthquake-governed bursts of iron- 
bearing gases and the quiet giving off of silicon-bearing gases or hydrothermal 
solutions inbetween. 

It is quite natural to assume that volcanic exhalations furnish the iron of 
the iron formations associated with effusives, such as is generally the case with 
the Lake Superior district. This assumption was also made by the early pioneer 
of this district, vAN Hise. 

There are, however, iron formations transitional to pure sedimentary environ- 
ment, such as is the case with the sedimentary magnetite-hematite beds of 
Northern Norway. The most important area, Rana in Nordland, has recently 
been carefully described by J. A. W. Bucce (1948). In this area the iron beds 
are associated with mica schists and marbles. About the origin of the iron 
Bucce (1948, p. 82) says: “There are no features indicating that the ore con- 
centration is connected with an introduction of iron-rich solutions which are 
derived from submarine basaltic volcanism” (author’s translation from Nor- 
wegian). For such areas the exhalative-sedimentary theory may be suggested 
for general geologic reasons. 


By the exhalative-sedimentary theory the ore genesis is geologically very 
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simple. The geochemistry of such ores, however, will be extremely complicated. 
First the purely magmatic enrichment determines which trace elements follow 
the main heavy metals. Then the general chemistry of the trace elements and 
their interaction with the geochemical environment of the ocean determine when 
and how these elements are precipitated. A later regional metamorphism may 
then cause further alterations. 


On the Source of Metals in Sedimentary Iron Ore Desposits 


A considerable number of truly sedimentary iron ore deposits are known from 
various areas of the world through geologic times. Their common feature is 
their areally very extensive occurrence and their limited extension in the ver- 
tical direction. In some areas these deposits are recognized as stratigraphic units, 
just as certain and persistent as any fossil bed may be. Therefore nearly all 

geologists agree that such ore deposits are sedimentary. 

In the following I shall attempt to discuss the source of the metals in the 
sedimentary ore deposits in its general principle, so that the discussion will cover 
all major types: for instance, the oolitic iron ores, the hematitic, and the mag- 
netitic ores. 

When an iron-bearing sedimentary unit is laid down over an area of hundreds 
of kilometers, the iron must be derived from above or below, — it cannot origi- 
nate in the sea basin where the sediments are deposited. There remains only 
those two possibilities. Either the material comes from above, that is, produced 

‘by a land area in some way, or, it comes from below the sea bottom. These two 
Opposite alternatives may be called the “from-above” theory and the “from- 
below” theory. 

The “from-above” geologists have suggested various ways of making an 
unusual iron content suddenly appear in a sea basin. The iron may come with 
streams from eroded, iron-rich areas of the adjacent continents, or it may be 
derived in various ways from gabbroic rocks which are known to be rich in 
iron, for instance by leaching of basalt tuff. 

All the presented suggestions still seem much too unsatisfactory, I think. A 
number of the sedimentary ore formations are simply too large. The Lower 
Ordovician sedimentary iron beds in Europe serve as good examples. They 
occur from the Siljan district of North Central Sweden (Hesstanp, 1949, p. 108) 
southwards through the Oslo region (oral information by Dr. Nixs SPJELDNAES 
and Mr. Sremnar SxjeseTH), middle Sweden, Estonia, England, Germany, 
France, to Northern Spain. In this large area, about 2 000 km long in north- 
south direction and more than 1 000 km in east-west direction, the ordinary 
sedimentation suddenly received an addition of iron more or less at the same 


time, towards the end of Lower Ordovician. Can anybody specify the erosional 


and transportational features of a near-by land mass that would result in a 


geologically speaking sudden change from ordinary erosion products to iron- 
rich products and then back again? If one images that basaltic ash fell over 
the whole area, it is possible to get some iron leached from it simultaneously 
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over the great area, but why only at this special occasion? Even the suggestion 
by James (1954, p. 242) that the iron be transported in dilute solution by rivers, 
to be enriched and precipitated in the sea, meets with the same question: How 
can such a process, if it operates, be restricted to one very short interval, and how 
can it on this special occasion operate simultaneously over such an extensive 
area? 

I think these objections rule out as rather improbable the presented attempts 
of explaining the iron source according to the “from-above” theory. On the 
other-side I will try to show that the “from-below” theory gives a simple and 
geologically plausible explanation of the major facts. 

If submarine gas exhalations occur in a fairly closed sea basin, and the metals 
of the gas, in the considered case iron, may go in solution in the sea water, then 
iron may scatter out to the whole basin, even if the active volcanism is areally 
restricted. This is provided the iron can stay in solution for some time for 
scattering. 

The chemical conditions governing the solution and precipitation relations of 
metal ions in sea water have been a much discussed subject. It is here sufficient 
to refer to the more general discussion by SCHNEIDERHOHN (1941, p. 743) and the 
recent contributions by KrumBEIN and Garrets (1952). In the following it will 
be attempted to introduce some new points to the discussion. 


Behaviour of Exhalative Iron in Sea Water 


According to the presented theory of exhalative-sedimentary ores metal-bear- 
ing gases may be expelled at the sea bottom from acid magmas. We shall consid- 
er iron, the most abundant and important of the metals, and discuss the many 
variables present when iron gases enter a continental sea basin. 

The gases are originally chlorides or fluorides of ferrous or ferric iron or both. 
The sea water has varying pH and Eh (redox potential) and its contents of 
CO, and S show great variations when going from a well-oxygenated shelf sea 
to the stagnant waters of a closed basin. 

The reason for expecting both ferrous and ferric gases is derived from ana- 
lyses of tuffs, glasses and “lavas” of granitic composition. The analyses show a 
surprising variation in the FexO, and the FeO contents. Some rocks contain 
exclusively ferrous iron, a few rocks contain mostly ferric iron, and most com- 
mon are the transitional cases where ferric iron is somewhat dominant. 

When such gases enter sea water, some chemical processes will occur, and 
they are determined by the stability relations of the compounds that may be 
formed and by the solubility relations of the participating ions and compounds. 

The stability relations have been discussed at length by KrumBemn and Gar- 
RELS (1952, p. 9—13). They consider the activities of the ions Fe oh Per in 
(COsg sro hand: (OH). The activity products for the compounds FeS 
(giving pyrite), FeCO; and Fe(OH); (giving hematite) are calculated, giving 
stability fields for three minerals with varying pH and Eh (redox potential), 
see Fig. 2. Briefly it tells that in well-oxygenated, typically outer shelf waters 
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Fig. 2. Stability relations of hematite, siderite, and pyrite with varying pH and Eh 
(redox potential). From Krumsetn and Garrexs, 1952. 


with high pH and positive Eh ferric oxide is the stable phase, in marine waters 
less oxidating, the carbonate is the stable phase, and in reducing, stagnant water 
the sulphide is the phase to form. James (1954, p. 242) explains in this way the 
sedimentary facies of iron formations. 

But the solubility relations determine when the stable phases form. Fig. 3 
shows the solubility of ferrous and ferric sulphates with varying pH. The cor- 
responding curves for chlorides and fluorides will be somewhat different in 
detail but in principle the same as those of Fig. 3. The important difference 
between ferrous and ferric compounds is easily seen. Only under rarely occur- 
ring, very stagnant conditions may sea water have a pH below 5. Thus Fig. 3 
shows that iron gases nearly always enter sea water in which the ferrous com- 
pounds go into solution whereas the ferric compounds are insoluble. Three 
cases may be distinguished: 

1. If the gases contain only divalent iron, much of it will go into solution, 
and iron may be distributed throughout the neighbouring sea areas. Eventual 
excess iron will catch available silica and CO2 or S to form silicate and car- 
bonate or sulphide, depending on the stability relations. The excess over this 


again simply bubbles through the sea water. 


14 CHRISTOFFER OFTEDAHL [Jan—Febr. 1958 


in solution 


Cie al 
fo) 


fe | a aa a 
shee ee 


13-1231 V0 49 26 ey Oar oer eee O -1 
pH 


Fig. 3. Solubility of ferrous and ferric sulfate with varying pH. From BasTIANsEN, 
Movum, and Rosenevist, 1957. 
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2. With a fair balance between divalent and trivalent iron, which should be 
geologically the most ordinary case, the precipitate should be the most common 
of iron minerals, magnetite. Now it is uncertain whether magnetite can crystal- 
lize at all as a precipitate in the sea, but some ore geologists have entertained 
the idea that for geological reasons magnetite must be a primary mineral in 
certain sedimentary deposits and not a product of diagenesis or metamorphism, 
the commonly held opinion. 

3. If the gases contain only trivalent iron, this iron is nearly completely in- 
soluble and is precipitated, probably directly as hematite. 

Transitional cases between these three main cases must exist. The ore occur- 
rences that form according to these theoretical processes will therefore show 
a great variety. 

The ferrous iron that goes into solution may spread over large areas in not 
too deep sea basins. Thus this iron is the source of the sedimentary iron ores. 
As the iron migrates outwards, it may gradually be oxidized to the trivalent 
state and then it is precipitated as oxidic ore. The iron that remains in the 
divalent state may react to an increase in pH and precipitate as FeCOs. It is 
remarkable how carbonate sedimentation accompanies oolithic iron ores, often 
of mixed carbonate/oxide/silicate composition. By looking at the steepness of 
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the Fe++ curve in Fig. 3 it is apparent that just an increase of 0.1 in the pH 
value may, provided the sea is saturated in iron, result in precipitation of 
nearly half of the iron content. 

The ferrous iron not taken in solution may give pyrite ore. If the iron is 
emitted not too rapidly in a “restricted” sea basin with sulphur-producing bac- 
teriae, it will be precipitated as a sulphide, possibly directly as pyrite (melniko- 
vite). If the supply of iron and the production of sulphur balance each other, 
the conditions for the formation of a really large body of pyrite are present. 
This precipitation should not be located far from the sites of the gas emission, 
and the explosion products should also be present, as is the case with for 
instance the Rio Tinto occurrence. 

The emission of ferrous and ferric iron must be responsible for the Fosen type 
of iron ore. These gases are instantaneously precipitated and the precipitate, 
magnetite, forms an iron ore body around the location of the emission. The 
Lake Superior iron ores may in part be result of a fairly emission-close precipita- 
tion, but mostly these primarily poor iron beds grade into more emission-far 
precipitates. When the gas emission continues over a longer interval, they may 
De simultaneous with both acid and basic tuffs, clay sedimentation and lime 
precipitation. Then quite complex formations like those of the Lahn-Dill di- 
stricts are formed. 

Only ferric iron in gas emission seems to be rare, as may be deduced from 
the rarity of emission-near hematite deposits. 


Strata-bound Ores with Lead and Zinc 


There are some groups of ores carrying the elements lead and zinc that should 
9e considered in the light of the exhalative-sedimentary theory. Linpcren (1933, 
9. 423) groups them in a chapter: “Lead and zinc deposits in sedimentary rocks; 
wrigin independent of igneous activity’. The introduction to the chapter should 
ye quoted. 

“Characteristic Features. — The lead and zinc deposits which form the sub- 
ect of this chapter represent a type of world-wide distribution and, in spite of 
ocal variations, of remarkably constant characteristics. They appear to be in- 
lependent of igneous rocks and occur in limestones, dolomites, cherts (derived 
rom the limestones), or calcareous shales. In the United States this type is 
epresented by the ores of the Mississippi Valley, chiefly in Oklahoma and 
Aissouri. In Europe characteristic occurrences are in Belgium and Upper Si- 
esia” (p. 423). . 

The ores have a simple mineralogy and is roughly seen connected with certain 
edimentary strata. The workable ores lie usually within a few hundred feet of 
he surface. ae 

ScHNEIDERHOHN (1944, p. 94) labels the type “Telemagmatische schichtig- 


netasomatische Blei-Zinklagerstatten (Typus Oberschlesien )”. i 
The two important districts of Oklahoma-Missouri and Upper Silesia have 


16 CHRISTOFFER OFTEDAHL [Jan—Febr. 1958 


both been the subjects of an extensive literature. Clearly enrichment processes 
connected with the surface have produced the rich ores, but what is the source 
of the metals? 

In his summary of the genesis of the Mississippi Valley deposits LinpcrEN 
(1933, p. 440—442) sketches the views held by the “descensionists” and the 
“ascensionists”. The former maintain that the source of the lead and zinc is 
to be found in the sediments overlying the ore-bearing strata, and the latter 
think that the source is in the underlying sediments or is still more deep-seated. 
LinpcrEN himself admits that the ascensionists have the best arguments. 

It is here tentatively suggested that the original deposits are chemical preci- 
pitates of a metal content which had spread over a sea basin from distant emis- 
sion centres, — that they belong to the distant type of exhalative-sedimentary 
deposits. The problems of the chemistry of-lead and zinc shall not be taken up 
in this paper; it should only be pointed out that a number of features, for 
instance the primary inclusions of NaCl solution of Newhouse fit well with a 
sedimentary origin on a sea bottom. The hydrothermal habit that these lead- 
zinc deposits now exhibit, should according to the presented view be entirely 
due to meteoric waters or later metamorphism. 

SCHNEIDERHOHN (1944, p. 95-96) sums up the genetic possibilities in four 
points: 1) Distant magmatic, low-temperature hydrothermal solutions, meta- 
somatically depositing ore in limestones, 2) or the same solutions have produced 
poor sulphide ores over larger areas, which have later been enriched by me- 
teoric waters. 3) Ascending hydrothermal solutions have mixed with surface 
waters partly on fissures, partly in wide-spread groundwater streams, depositing 
ore in specific localities. 4) Ores formed by any of these processes may have 
been redeposited and concentrated. Only a careful examination can determine 
which possibility is the most probable for any one specific occurrence, accord- 
ing to SCHNEIDERHOHN. His point two is, however, close to the general view here 
suggested, only that the indistinct concept of hydrothermal solutions scattering 
in certain strata over large areas is replaced with chemical precipitation of a 
small metal content in the sea, originating from distant volcanic gas emissions. 

It should be mentioned that in addition to this group of ore deposits, un- 
related to igneous rocks, there occur in the Nordland district of Northern Nor- 
way a group of zinc-lead deposits generally related to sheets of granitic rocks. 
The ore bodies are generally concordant bodies occurring in regionally meta- 
morphosed shales and limestones. The closely associated granitic sheets are 
here interpreted as granitic ashes, directly related to the gas emissions, the zinc 
and lead of which were deposited as chemical precipitates. With the interpreta- 
tion of the Nordland zinc-lead deposits as exhalative-sedimentary in origin. 
these deposits are examples of the emission-near type, bridging the gap to the 
emission-distant deposits, considered above. 
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Sedimentary Copper Deposits 


For geologic reasons ScunemerHdun (1944, p. 178 and 200) groups the 
copper deposits of the types Katanga-Northern Rhodesia and Mansfeld as sedi- 
mentary ores, whereas LinpcreN puts them in his class “mesothermal deposits’. To 
SCHNEIDERHOHN these two types represent “Ausscheidungslagerstatten” and “Des- 
cendente Lagerstatten”, respectively. LinDGREN emphasizes that the origin is 
much debated and opinions differ strongly. 

I want to throw some suspicion on the suggested modes of origin and suggest 
that an exhalative-sedimentary origin be considered. Especially the ore of the 
Mansfelder basin, so persistent as to stratigraphical horizon, could very well be 
chemical precipitates of metals from somewhat distant gas emissions, with the 
mixed metal content of copper, lead, and zinc. The same consideration seems 
appropriate also for the Katanga-Northern Rhodesia deposits, which ScHNEIDER- 
HOHN (1944, p. 180) also considers as syngenetic, against the “hydrothermal, 
Anglo-American school”. Linpcren (1933, p. 632) says about the origin of the 
Northern Rhodesia deposits: “Most of the South African geologists call the de- 
posits mesothermal, formed by granitic emanations. This theory has not yet been 
proved. A theory of sedimentary origin with subsequent slight metamorphism 
cannot yet be wholly discarded”. I think both theories, supposed to be antithetic, 
are correct. The ores are formed by granitic emanations (that is: gases), then 
deposited as sediments and finally given a mesothermal habit by a slight meta- 
morphism. The only new point is that the granitic emanations are utilized as 
submarine exhalations and not, as always, as invading hydrothermal solutions. 


Concluding Remarks 


The theory of exhalative-sedimentary ores which is sketchily suggested in this 
paper, is a volcanologist’s approach to ore geology. Certainly the simple picture 
outlined is much too generalized, and it may be faulty in details. The theory 
may, however, substitute the many vague, diffuse and unimaginable hints about 
genesis of many important ores with a simple picture that is clearly understand- 
able to all geologists. The presented theory is actually an attempt to explain 
the origin of the many types of massive, concordant ore beds associated with 
supracrustal rocks. The origin of these massive ores has always been somewhat 
mysterious to geologists who are not familiar with the airy type of suggestive 
wording, rather frequently found in genetic interpretations of ore geology. 
~ Submarine ore formation is quite rare as a present-day phenomenon. i here- 
fore the presented theory rests on two lines of indirect evidence: 1) The fact 
that crystallizing, acid magmas give off gases containing a great number of 
metals, and 2) the fact that acid pyroclastics are far more abundant than ge- 
nerally recognized and often genetically associated with ores. Together these 
two facts strongly indicate that metal-bearing gases are quite often emitted 
to the surface, and provided this occurs below sea water, the process should 
result in ore deposits. It must be admitted, however, that the several tuff inter- 
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pretations of this paper probably appear as working hypothesis to most of the 
geologists who have not worked recently with volcanics and thus are not fa- 
miliar with the current literature on acid “lavas” and welded tuffs. 

According to the presented theory there is close connection between orogenesis 
and metalliferous epochs. The large-scale subcrustal forces that produce geo- 
synclines, also result in basic magmatism and formation of anatectic, granitic 
magmas. Both types of magmatism are known in orogenic zones extending for 
thousands of kilometers. When the orogenic stresses puncture the granitic 
magma chambers, metal-bearing gases may escape into the geosynclines. 

The present theory of exhalative-sedimentary ores is naturally no entirely new 
theory. Many geologists have expressed the view that certain deposits may have 
had a volcanic source, or were closely connected with volcanism, etc. The only 
thing lacking was to put the various pieces of evidence together to give a geo- 
logically plausible and clearly definable picture, viz.: 1) Gas enrichment in a 
crystallizing granitic magma, 2) escape from the magma chamber to the sea 
bottom, and 3) immediate ore deposition in the sea together with ashes, or 
transportation of metals in solution in the sea, with successive precipitation. 

To my knowledge Fr. HEGEMANN is the geologist whose views come closest to 
the here expressed theory. In two recent publications HEcEMANN (1948), 19482) 
sums up nine characteristica of “extrusive-sedimentary”’ deposits, and besides 
the German sulphide deposits he assumes that many layered deposits of mag- 
netite, manganiferous ore, siderite, sulphidic copper, antimony, and arsenic ores 
may all be sedimentary, derived from submarine exhalations. Possibly the same 
is the case with the much discussed deposits of Franklin, N. J. and Broken Hill, 
Australia. 

On the whole the presented ideas mean a return to the assumptions of some 
of the old masters of ore geology, VAN Hise, pE Launy, and others. 
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Basic Metamorphic Rocks from the Region of Héljes 
in Northern Vermland 


A Study in Progressive and Retrograde Metamorphism 


By 


Pontus LJUNGGREN 


Abstract. The basic rocks from the region of Héljes, enclosed within quartz porphyry, 
consist of amphibolite, hornblendite, and biotite-epidote schists, partly with neo- 
formed hornblende. Evidences are given that the biotite-epidote schists have arisen 
from marly sediments through progressive metamorphism, that the amphibolite and 
the hornblendite have arisen from basaltic lava and basaltic tuff through retrograde 
metamorphism, and, finally, that the biotite-epidote schists with neo-formed horn- 
blende arose from the ordinary biotite-epidote schist through a transformation of 
biotite and epidote into hornblende in connection with an invasion of sodium from 
the basaltic rocks at their transformation into amphibolite and hornblendite. — Che- 
mical analyses and optical data are given of minerals and rocks. 


Introduction 


The boundary between the iron-gneisses of southwestern Sweden and the 
granite-dominated areas to the east passes northern Vermland some tens of kilo- 
metres to the south of Holjes, having a direction of NW-SE (cf. N. H. Mac- 
NussON, 1957, p. 104). The bedrock between Héljes and the northern Swedish- 
Norwegian boundary is dominated by granitic rocks and fine-grained supra- 
crustal rocks. The granitic rocks have often a gneissic texture, most varieties 
belonging to the Filipstad granite (cf. N. H. Macnusson, 1925, 1957; P. Lyunc- 
GREN, 1954). The fine-grained supra-crustal rocks are of a type called pseudo- 
porphyries (P. Lyunccren, 1954). The general strike of the rocks is between 
NNW and WNW. 

At Séljforsen, 5 km to the north of Héljes, there is an area of quartz por- 
phyries enclosed within the granitic rocks, cf. the map sketch, Fig. 1. Within 
this small area the bedrock is exposed in many excellent outcrops along the 
valley of the Klarelf, here steeply V-shaped. The difference in altitude between 
the floor of the valley and the surrounding terrain is about 80 m, the upper 
width of the V-shaped valley is 400—500 m and the lower one about 100 m. 

The contact between the porphyries of Héljes and the surrounding bedrock 
is not exposed. In one locality, however, an intense sericitization of the porphyry 
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HOLJES 


0 5 10 km 


7 
Fig. 1. Map sketch of northern Vermland (parish of Norra Finnskoga) showing the 
area of quartz-porphyry and basic metamorphic rocks at Séljforsen, 
5 km to the north of Holjes. 


near to the granitic rocks is observed, the porphyry is changed into sericite 
schist with layers of quartzitic composition. In most places around S6ljforsen, 
however, the porphyry is quite unaltered. To the north of Séljforsen sericitized 
porphyries are often met with, having transititions into sericite schists. 

The rocks within the region of Héljes, and especially those near to Sdljforsen, 
have been studied in detail in connection with the planning of an underground 
power plant (Uddeholms AB). Some forty diamond drill holes have been carried 
out at Sdljforsen, and in some of them basic rocks are met with. It became 
apparent during the examinations of the drill cores that in some cases the 
zones of sericitization of the porphyries are connected with the appearance of 
these basic rocks. As many varieties of basic rocks were met with an examination 
from petrogenetical point of view of these rocks was carried out. These basic 
rocks have only been met with in the drill cores — no outcrop of any one of 
these basic rocks has been found within the area of the porphyries. 

The basic rocks vary from biotite-epidote schists of different colours, via bio- 
tite-epidote schists with neo-formed hornblende to amphibolite and hornblendite. 

The microscopical examination of these rocks was carried out between 1948. 
and 1950 under the supervision of Prof. E. Nortn, head of the Mineralogical 
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Fig. 2. Biotite (greenish)-epidote schist, parallel to the schistosity. 
Core 4/44.60 m. — 1 Nicol; 60 x. 


and Geological Institution of the University of Uppsala. The chemical analyses 
have been made by Dr. R. Buirx and Mrs. Brira Coiiint. Mr. O. WALLNER has 
prepared the microscopic slides. Financial aid has been given by the Lars Hierta 
Memorial Fund. 

Thanks are also due to Docent C. Catpentus, consultant geologist at the 
power plant of Hoéljes, and to Civiling. S. Goransson for placing the diamond 
drill cores at the disposal of the author. 


Part I. Petrographical Description of the Different Rocks 


BIOTITE-EPIDOTE SCHISTS WITH GREENISH BIOTITE 


(Most of the measurements have been made upon slides taken from a depth of 
44.60 m, core No. 4.) 

This rock is greenish gray and fine-grained, having a welldeveloped schistosity. 
Biotite and epidote are the most frequent minerals, quartz is accessory in some 
layers, frequent in other layers. ‘Titanite and pyrite are comparatively common 
in some slides. There are a few larger calcite grains (~ 1 mm), and somewhat 
new-formed potash feldspar. Small flakes of sericite occur together with quartz 
and feldspar. A microphotograph of the rock is seen in Fig. 2. The specific 
gravity of the rock is 3.13. 


Bd 80. H. 1] BASIG METAMORPHIC ROCKS 23 


Biotite. An optical examination gave the following result: — 


NyNa = 1.629 
NgNa = 1.627 Ny—Ny = 0.039 
NaNa = 1.590 
Ny—Ng = 0.045 (Berek compensator) 
y= grayish olive green 
“ very pale yellow 

_2V(—) Zero 

F = 3.02 


These figures point, according to Winchell (1951), to a biotite rich in alumina, 
having a composition between siderophyllit and eastonite, thus about 


H,K,(Mg = Fe)5Al,Si;O5, 


In this rock there are no minerals with pleochroic haloes in the biotite, neither 
have the epidotes any cores of orthite. The common grain size of the biotite is 
0.2—0.4 mm of length and 0.05—0.15 mm of breadth. 


Epidote. The following optical properties have been found: — 


NyNa = 1.761 

NsNa = 1.751 

HyNa = 1.716 

ny—ng = 0.010 

Ny—N, = 0.045 

2V (—) = 76° (mean of 11 measurements, universal stage) 
r G = 3.45 


The epidote is quite colourless in the microscopic slides, but clearly greenish 
yellow at macroscopic examination of the crushed rock. According to WINCHELL 
(1951) these results indicate a very iron-rich epidote, having about 12 % Fe2Os3. 
The mineral has in the normal types of this rock a rectangular or rhombic cross- 
section, usally of a high degree of idiomorphism. It has a very good (001) 
cleavage. As mentioned above there are no cores of orthite in any of the exam- 
ined slides of this rock. 

Titanite is found as small rounded grains or as small idiomorphic crystals, 
having a grain-size of about 0.02 mm, usually totalling a little more than one per- 
cent of the volume of the rock. 

Apatite is rather common, appearing as somewhat elongated prismns, the 
grain-sizes being between 0.1—0.05 mm. 
eThe percentage of quartz varies considerably, from zero up to 20—30 %, 
usually, however, about 5—10 %. There is no sign of any wavy extinction. 

Pyrite is comparatively common, between 0.3 and 0.5 % of volume, and it is 
found as small cubes. These often have inclusions of other minerals, such as cal- 
cite and chlorite. At the boundary between these and the pyrite there is usually 
a thin layer of reddish iron oxide. The chlorite was probably formed as a 
result of the decomposition of biotite by the action of sulphuric acid formed 
from the partial decomposition of the pyrite. In these schists with their high 
content of biotite one observes that the biotite at a direct contact with pyrite 
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Table I. Biotite-epidote schist with greenish biotite. Core 4/44.60 m 
Analyst: Brrra CoLLini 


| Total | Biotite | Epidote | Quartz | Titanite | Apatite | Calcite] Total 
SiO2 ....... 44.33 | 12.04 | 11.50] 20.03 0.76 |] * =|) 4433 
TiOzg ....... 2.18 1.18 — — 1.00 — — 2.18 
AlgOs ......-- 14.21 8.09 6.12 = == = —| 1421 
Heo@3ire ere 9.45 3.75 5.70 — = = — 9.45 
FeOReaseeun: 6.89 6.89 — _ — — = 6.89 
Mn@l heres. (0.22 0.22 = — — a — 0.22 
IMERO 6 Sank oo 5.20 5.20 — — — — — 5.20 
BaQ eeepc 0.16 0.16 _— — _ — i 0.16 
CHO scvodse 10.12 — 7.15 — 0.69 1.83 0.46 10.13 
NasO mies a0 0.20 0.20 — _ a — -= 0.20 
KeO™ en eis sie 3.31 3.31 — _ ead: 
IEC OS  Soouc 1.69 1.11 0.58 _ ~- -= — 1.69 
EDO) S=~ 2 sana 0.19 = — = = = — — 
PsOse eee 1.39 — — — —- 1.39 1.39 
COsme nec 0.36 _— — — — — 0.36 0.36 
See ee 0.13 — — — — — — — 
1 re cat oa 0.22 0.16 = = = 0.06 = 0.22 
==) TOP sg6ac — 0.15 
Kean carers 


AWA Ocoee as 100.10 42.31 31.05 20.03 2.45 3.28 0.82 99.94 


Table II. Chemical composition of biotite from Table I, core 4/44.60 m 


% Mol. prop.| Atomic prop. (0=36) | Theor. 
S1Os gases es ore 12.04 28.46 4739 Si 6.7 
AGLOR yao 1.18 2.79 349 il 0.5° } 12:0 12 
AleO3 8.09 19.12 1876 Al 4.8 
HesOs tis, face 3.75 8.86 555 Fe: 3.9 
Re 689 | 1628 | 22966 | Fe" ~ 
MnO cocoons. Det! 0.22 0.52 73 Al 0.5 C 9 7 9 
INNO! 5 ae oae 5.20 12.29 3 048 in 0.1 ; 
a) eee ere 0.16 0.38 25 M 43 | 
NasO met ee 0.20 0.47 76 8 
cO ome ie 3.31 7.82 830 Na 0.2 \ 26 3 
JRU@ Ee. Ghee 1.11 2.62 1 454 K 2.4 . 
Hig Wee ok caret es 0.16 0.38 200 > 
ARotalias 2 eee: 42.31 99.99 x 4.4 6 


is changed from its original colour into chlorite of a very weak bluish tint 
(cf. P. Lyunccren, 1955, p. 269). In those pyrites which have inclusions of 
calcite this latter mineral is often idiomorphic and not coincident with the 
crystallographic faces of the pyrite. The partly decomposed pyrite consists of 
a border of a black, opaque mineral, while on the inner side there is an ad- 
mixture of remnants of the former pyrite, a reddish ferric oxide, and a car- 
bonate-rich, partly isotropic substance. — In most cases, however, no alteration 
of the pyrite has taken place, the only sign of any decomposition being a very 
thin layer of reddish colour around the pyrite crystals. The biotites which are in 
a direct contact with these pyrites have not suffered any decomposition. 
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No ore minerals, other than pyrite, have been observed. 

It is evident that the epidote was formed in part after the titanite, as rounded 
itanite crystals surrounded by idiomorphic epidotes have been found. 

Chlorite is found in some places in the slides and it has been proved that it 
s always an alteration product of biotite and not any remnant from an earlier, 
re-biotitic stage. It is partly found quite near to the pyrites, partly also without 
ny visible connection with this mineral. It is probable, however, that both the 
rarieties of chlorite have arisen through alteration of biotite as a result of attack 
ft sulphuric acid, formed at the decomposition of pyrite. The contact between 
otite and chlorite is usually quite sharp, but in some places it is possible to 
listinguish a border zone between the minerals. Around small biotites which 
tick out inte the pulpy chlorite mass there is a small border of chlorite directly 
ormed from the biotites and with the same smooth face as this mineral. The 
rain-size of the pulpy mass is about 0.005 mm. It has the same frequency of 
patite and epidote as the normal, undecomposed parts of the rock, thus indi- 
ating that nothing else has taken place than a chloritization of the biotite. 

The quartz of this rock has not suffered any tectonical disturbances during a 
ate stage as it has no wavy extinction. There are some healed cracks, now 
isible as lines of small dots, some of which enclose gas bubbles. These crack lines 
ut across the contact between different grains without interruption. 

This rock has been analyzed chemically, the results being given in Table I. 
“he chemical composition of the participating minerals has been recalculated 
n the following way. The content of apatite and calcite is taken from the 
alues of P2305 and COg. The total amount of titanite was taken from plani- 
aetric analysis of a microscopic slide from the same place as that of the chemical 
nalysis. The amount of epidote was taken from the remaining CaO and from 
he content of Fe.Oz as determined by the optical data of the mineral. All NagO 
nd KO were assumed to be accounted for by the biotite, as also were the 
emaining elements. The surplus of SiO, was calculated as quartz. 

The biotite has been recalculated in Table II. It is evident from this Table 
nat the differences between the theoretical values and those which have resulted 
-om the chemical analysis are not too great, since they are the same order as 
1 mono-mineralic analysis. Both the contents of Na-K and OH differ usually 
om the theoretical values. — It was not considered as reliable to carry out 
ny separation of biotite from the other minerals as it contains a large number 
f minute grains and dots of titanite and epidote, and also because the biotite 
: some places has partly altered into chlorite. 

A planimetric analysis, from about the same depth of the core No. 4 as that 
f the chemical analysis, has been carried out with the following result (core 


0. 4, 44.60 m), given as percent by weight: — 


BiGui eth teen te dane ket oe SOSA. ap oR eam : : 
Ei pIOteNe eae er pis con arvaed ore aah ama ae oe ; 
Dike ee EN rage eee ; 
Ce ee ee re rewre in sea are ite Oran eee 
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~ 


Fig. 3. Biotite (yellowish brown)-epidote schist with a quartz-rich and a biotite- 
epidote-rich layer. Core 5/77.95 m. — 1 Nicol; 100 x. 


These figures differ considerably from those of the chemical analysis, probabh 
due to the very rapid change in composition of these schists in a vertical directio1 

= perpendicular to the schistosity). The slide upon wich the planimetri 
analysis was made was cut perpendicular to the schistosity. 


BIOTITE-EPIDOTE SCHIST WITH YELLOWISH BROWN BIOTITE 


This rock (cf. Fig. 3) differs from the preceding one only in the colour of th 
biotite. The optical characteristics of the biotite are the following (core No. 4 
50.80 m) : — 


N3Na = 1.623 

Ny—Ny = 0.044 (Berek compensator) 
v=P light olive brown 

a light yellowish gray 

2V (—) small to 5° 

G = 3.01 


These results give clear evidence of the close relationship between the greenis 
and the yellowish brown biotite. 

Of this schist two different varieties have been chemically analyzed, namel 
one with a greenish-brown biotite and one with a yellowish-brown biotite. Th 
variation in optical properties between biotites of different colour is very sligh 


as is also evident from Table XVIII showing biotites from different varietic 
of these schists. 
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[able III. Biotite-epidote schist with greenish brown biotite. Core No. 5/84.05 m 
Analyst: R. Brix 


| Total | Biotite | Epidote | Quartz] Titanite Apatite} Pyrite | Calcite} Total | 
SiOz .... | 47.77] 1618 | 7.33 | 23.00] 1.26 7 
TiO2..-. | 263] 0.96 =A |) 1.67 sae 
AlzOs .. | 13.60] 9.30] 4.30 sal = 13.60 
Fe2Os .. 75 | 0.76 | 2.98 i = 374 
PeO.... | 10.58 | 10.11 = a a Swe = | gs 
MnO .... 0.30 | 0.30 = ad = 0.30 
MgO .. 4.94|] 4.94 = 2 = 4.94 
BaO .. 0.11 , 
waO .. CET —| 4.56 —| 1.17 1.98 — 0 7 
Na2zO 0.06 0.0 — _ _- sod We 
ir2O" .. 4.58 4.58 — — 4.58 
HeO + 1.88 1.52 0.37 = — — — — 1.89 
H20—- 0.04 — = — = 
P2O5 1.50 _ - -- -— 1.50 — 1.50 
~COz 0.05 = = || O08 0.05 
Soe 0.43 —- -— — — ne 0.43 0.43 
are 0.15 0.10 -m — — 0.05 -— — Ons 
: ar ae 0.05 0.02 — — — 0.03 — -— 0.05 
elotal .... {100.19 | 48.83 | 19.54 | 23.00] 4.10 3.56 | 0.90} 0.11 | 100.04 


Table IV. Chemical composition of biotite from Table III, core 5/84.05 m 


| | We | Mol. prop. Atomic prop. (0=36) Theor. 
SiOz ...-..--+2++-- 16.18 | 33.14 5518 Si (ei) 
ELiO2 ............-. 0.96 | 1.97 247 Ti 0.4 ¢ 12.0 12 
OE ee eee eee 9.30 | 19.05 1 869 Al 3.9 
| ESLOEy SERS eae 0.76 1.56 98 pce a6 
ns 10.11 | 20.70| 2881 ies 03 
BROS oe, Fe Shia Sea tal af feisoue 0.30 0.61 86 ‘Al 13 89 9 
OS eae ee eee 4.94 | 10.12 2510 ve On : 
ASO nee 0.06 0.12 19 M 3 5 | 
| Sala ae 4583 | 9.38 996 8 
OE Te eee nee 1.52 3.11 1 726 Na 0.0 \ 28 3 
a Eee eee 0.10 0.20 105 K 2.8 : 
ll @. === 0.02 0.04 11 ie 5 y 
eee an 48.83 | 100.00 4 


In Table III the content of P,O; in apatite, the content of S in pyrite, and 
he content of CO, in calcite have been used as fixed values. The amount of 
itanite has been determined by means of a planimetric analysis of a slide from 
he same place as that of the chemical analysis. The content of epidote has been 
letermined through the remaining CaO. The relation between aluminium and 
ron in the epidote is given through optical measurements 2V (== 73°). The 
valance has been assumed to be biotite, and thereafter the surplus of silica was 
Biculated as free SiO». This content of quartz, 23.00 %, has been confirmed 
Dy a chemical determination of quartz, showing 21 qe. 

The biotite of Table III has been recalculated in Table IV. The agreement 
etween the theoretical values and those of the chemical analysis is significant. 
[he optical characteristics of this biotite are those given above. 
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Table V. Biotite-epidote schist with yellowish brown biotite. Core 5/94.40 m 
Analyst: R. Blix 


Total | Biotite | Epidote | Quartz | Titanite | Apatite | Calacite] Total 
ws Se ee ee ee ee eee 
SiO2 ......-- 38.20 | 21.00 | 13.36 3.41 0.43 — = a0 
TiOg ......-- 1.12)| 30.57 = = 0.57 = “alee 
AleO3 ...... 20.25 | 11.65] 8.60 = ae = = oe 
Fe2Os .....- 4.64} 0.35 | 4.30 = oe — — ay 
FeO itaere oie 8.38 8.38 — = — = —= ee 
MnO <....-- 0.25 | 0.25 _ = = = = ae 
NM: OReeeerr 8.40 | 8.40 = — = = = aa 
OP neta 16 0.16 = = = — — ; 
C20 $3 dantobaeres tee = 8.31 — 0.40 0.32 0.09 9.12 
NasO™n eon 0.38 0.38 — — _— = -- se 
KoOierotosa 5.16 5.16 = — — — — 16 
HeOm eacter = 3.26 2.59 0.67 _ _- a — 3.26 

ee ae 0.23 — — — — = —_ =e 
Pads Lepcee 0.23 — — _ — 0.23 — 0.23 
COstere shia 0.08 — — — — -- 0.08 0.08 
S! Pea ee a 0.02 — — — = = = ak 
Pie Niger eee 0.09 0.08 — == — 0.01 — 0.09 
Ce ie ne 0.04 0.03 — —- —- 0.01 — 0.04 
Totaliegactts « 100.03 | 59.00 | 35.24 3.41 1.40 0.57 0.17 99.78 


Table VI. Chemical composition of biotite from Table V. Core 5/94.40 m 


% |Mol. prop,| Atomic prop. (0=36) | Theor. 


EHOyi* SoBe doo eccs ome 91.00 | 35.59 5 926 Si 


7.9 
Nts 20 e. Onis etek swsis ne 0.57 0.97 121 Ake 0.2 12.0 12 
(A loOsyek sto aceite ers 11.65 | 19.75 1 937 Al 3.9 
Peo Osean meta ocernran eats 0.35 0.59 37 ree ay 
HeOle fee. ers oe ne 8.38 | 14.20 1977 ae 01 | 
MnO" Tassels wise 0.25 0.42 59 Al i2\ 93 9 
INE SO) aa ed racnereieecosrone 8.40 | 14.24 3 532 Mn 01 ' 
Ba@) San. ec ae ce oe 0.16 0.27 18 Mg 47 
Nao avi se Sees te 0.38 0.64 103 . 5 
Io) Sree ee syaeeias jets 5.16 8.75 929 Na 0.31 o¢ 3 
HoOlty Se eee oe 2.59 4.39 2 437 K = ee 
hc cueds Aencns RRR: met Oe 0.08 0.14 74 
"elit a Wa oe 0.03 | 0.05 FWA bos 6.8 6 
eNO talltabercn, errr tesa ceases 59.00 | 100.00 


a es eee 


As a comparison with the chemical analysis of the rock, a planimetric analysis 


has been carried out (core No. 5, 84.05 m) with the following result; given as 
percent by weight: — 


BiOttE. vc. tree oe ee CONG Oe nce er ee Bee 
Epidote “br apatitertne fs. thd. chen eee ee, ean ene 26 
Quartz 2's $60 Sheahan le LE ee 17 
Titanite cases putea Aw bncded ayaa ae eee a 
Pytite. 0.) daft esatalee mack etastaiealick diskette 1 

100 


The slide was cut perpendicular to the schistosity. The agreement between these 
two analyses is comparatively close. 


Another variety of the biotite-epidote schist, having a yellowish biotite has 
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al 


ulso been analyzed chemically, cf. Table V. The division of the elements into 
he different minerals has been carried out in the same way as in Table III. The 
ontent of titanite was determined by a planimetric analysis of a slide from core 
No. 5, 94.40 m. The content of quartz was checked with a chemical analysis of 
he free silica, giving 5.76 %. Optical measurements on epidote gave 12 % 
PeoOs. 

The biotite has been recalculated in Table VI. For a comparison with this 
10tite, another one from the same core has been analyzed with the following 
esult (core No. 5, 92.60 m), given as percent by weight: — 


=e SO PRL ANONS Ste ey pone tee ek cea ng 37.43 
TN NERS ERAN BU om Teer Pe Slats hee el & fakes 65+ SEN ce Werte 
EAI ©) 5 ION ae eee TNE ha CEN | hla eel ee ae 22.49 
ae Biss Sa NS cies Gur re eee Ee es ee a ee 55 
OS Pe 5 Abe SIAR cin Ses et Re 16.43 
ES MMM Seer er tenet. Se ted on, Le ees, ee 13.98 
(CRO) 20 Sis bales 50" hs ean oh ee eee a .69 
ae (Oh 2h oo ea xe ole eee ae ee Sy ols 6.66 
100.00 


[his biotite was chosen for analysis because of its freedom from inclusions. 
The biotite of Table VI, however, is very rich in small dots and nearly sub- 
microscopic grains and thus it is not suitable for such a chemical analysis. The 
ptical properties of the two biotites have been compared as to index of refrac- 
ion, with the following result: — 


Biotite from core 5/94.40 m: ngna = 1.629 = .002 
» » » 5/92.60 m: ngng = 1.628 + .002 
For both of them 7= light yellowish brown. 


It is evident that there is good agreement in chemical composition between 
the biotites of Tables IV and VI but a considerable difference between these 
wo and the biotite of Table II. The optical properties, however, do not seem 
o have changed with the change in colour and chemical composition. 

As a comparison with the chemical analysis of the rock of Table V a plani- 
metric analysis has been carried out on a slide from the same core and depth 
(5/94.40 m), giving the following values, in percent by weight: — 


IBTOVRLIS GE Ree 2 ee te, 2 ae, ee Mo Bo OG Gobo Uioe Heauchene 57 
Epidote +, apatite... 2043 se boas atin Sa eS = oe weal 40 
OAT EL becseciele  ransgore cot aren nln 98 brisk eae eae ee eee 1.6 
DRT T lets ea PII, Cuctie Ch ycod) nn Gace 1.4 
100 


The slide for the planimetric analysis was cut parallel to the schistosity of the 
ock. The conformity between the chemical and the planimetric analysis must 
ye considered as rather satisfactory. 

A comparison between the analyses of Tables III and V gives evidence of 
ome of the variations within different kinds of this rock. The biotites have 
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Fig. 4. Biotite (yellowish brown)-epidote schist with neo-formation of hornblende. 
Core 5/:78.18\ ms —= 1 Nicol;) 100)-x: 


practically the same composition in spite of these recalculations being somewhat 
approximative. The epidotes very iron-rich, 15 and 12 % in Tables III and V. 
The content of quartz varies rapidly, there often being sudden changes within 
one millimetre or less perpendicular to the schistosity. The age relations between 
the minerals in these two rocks are the same as in the rock first described, 
namely, the biotite-epidote schist with greenish biotite. 


BIOTITE-EPIDOTE SCHIST WITH NEO-FORMED HORNBLENDE 


In this rock hornblende is found as a neo-formation enclosed within the 
flakes of biotite (cf. Fig. 4). There are all shades of transition from a schis' 
having only a few small hornblendes, up to a rock consisting almost entire]; 
of this mineral and a varying content of quartz. Planimetric measurements have 
shown an increasing percentage of hornblende to be combined with a decreasing 
percentage of both biotite and epidote. | 

The optical properties of the hornblende are the following (the measurement: 
have been carried out upon a slide from core No. 5, 78.18 m) : — 


Ny Na = 1.680 + .002 « grayish yellowish green 
Ny—n,g = 0.017 (Berek compensator) ely = 19° 
y moderate bluish green 2V(—) = 72° 


B grayish green G = 3.28 
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Table VII. Biotite-epidote schist with neo-formed hornblende, 


core 5/78.05 m 
Analyst: R. Brrx 


| Total | Biotite | Hornblende|Epidote Quartz |Titanite} Apatite] Calcite | Total 
* -s+-] AZ.78 | 4.44 28.19 5.33 | 9.13] 0.69 = — |) 47.78 
1102 . 2.35 0.17 1.26 == — 0.92 — — 2.35 
Al2O3 14.10 | 2.47 8.20 3.43 14.10 
Fe2Os 4.67 0.07 2.90 1.70 4.67 
FeO . 10.70 1.78 8.93 10.74 
MnO 0.73 0.05 0.68 0.73 
MgO 5.03 1.78 3.25 5.03 
a 0.07 0.04 0.03 0.07 

2 OUEE 8.46 — 3.75 3.32 — 0.64 0.71 ) 

Na2zO 1.62 0.07 1.55 a ee 
HoO-. . 1.84 1.10 0.73 1.83 
HeO* iezs 0.55 0.96 0.27 as 
H2O- 0.03 — — 

P2Os5 0.63 a = 0.63 =| 0.68 
Os . i = 0.03 | 0.0 
ae 0.20 — — ae 
ee ae 0.11 0.02 0.07 0.02 — 0.11 
ees dee 0.04 0.01 0.01 0.02 — 0.04 
Total 100.17 | 12.55 60.51 14.05 9.13 2.25 1.38 0.07 | 99.94 


[his indicates the hornblende is not actinolitic as might be expected from its 
olour, but belongs to the common hornblendes rich in alumina (cf. the 
ollowing chemical composition). These hornblendes have no dusting at all, and 
hey do not show any sign of alteration. 

The other minerals closely resemble those in the ordinary schist with yellowish 
otite and epidote. The grain-size is the same as in the biotite-epidote schists 
ind there is also the same alternation between light-coloured and dark-coloured 
ayers. A planimetric analysis of a slide cut perpendicular to the schistosity gave 
he following results (core 5/78.05 m), given as percent by weight: — 


BIG Lee ee eee eee cee oe See ela ds ele ee ee 12 
iStoradlalingle: © ac 7 ae eee et ae ee ME eer erereray Ac Si 
Biter AD Ate oii! es Wes ares Sb aye soar anaes 14 
iNet hears es th ha sce rnsiie Act: bigs score) Ant J pis eins SEEN 5 
aE aie ee es Se i Seer co wemecrae 2.2 
100 


\ rock specimen from the same core and depth as that of the planimetric 
nalysis (5/78.05 m) has been analyzed chemically; the results are given in 
Pable VII. The recalculation of this analysis has been carried out in the follow- 
ng way. The content of titanite was taken from the planimetric analysis, as was 
Iso the content of biotite (12.5 % by weight). As to the biotite the same 
omposition was used as of the biotite of Table VI (5/94.40 m) since the optical 
roperties are almost identical. After the subtraction of these minerals, together 
yith apatite and calcite, the remaining elements were calculated as hornblende. 
the surplus of silica was reckoned as quartz, 9.13 %. This amount of quartz 
ras checked with a chemical analysis of quartz showing 24.25 %, which is 
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Table VIII. Chemical composition of hornblende from Table VII, 
core No. 5/78.05 m 


| % |Mol. prop.| Atomic prop. (0=48) | Theor. 
Dn eee ee a ae 


Si@oin Ben se ven rontetents 98.19 46.59 7757 Si wi 

TiOs 4 eee eee 1.26 2.08 260 Ti 0.5 16.0 16 
AlsOs Se aero craeins 8.20 13.54 1 328 Al es 

EFeaO as. icine ooene 2.90 4.79 300 Al 9.9” 

FeO. Bee iss tere 8.93 14.76 2 055 Foo La | 

MnO: Bete. seer 0.68 1.12 158 vee 36 4 10.3 10 
MBO: Peeacem aude 3.25 5.37 1 332 es 0.3 

BaQh Sica crs eres 0.03 0.05 Mg 24 

CAO Ae eee eee 3.75 6.19 1104 

NasOiay teers 55 2.56 413 Ca 2.0 

Ko@igs Aenea Ge. ers 2 0.73 Teeth 129 Na 1.5 4.0 4 
He@ its Citic 0.96 1.59 883 K 0.5 | 
Bo eee eee ee 0.07 0.12 63 H 33 4 
Claes eee tae oes 0.01 0.02 6 ‘ 

otal eee ns 60.51 99.99 


considerably different from that given in Table VII. The cause of this difference 
might be sought in the rapid variation in mineralogical composition perpendi- 
cular to the schistosity. 

The hornblende has been recalculated in Table VIII. The chemical compo- 
sition of the mineral received in this Table is in good agreement with the optical 
properties mentioned above. According to these two examinations, chemically 
and optically, the composition of this hornblende implies that it belongs to the 
group of common hornblendes, after the classification of W1ncHELL (1951). 
However, there are some peculiarities of this hornblende, as for instance, its 
high content of sodium in relation to the comparatively low calcium content. 
The content of iron is too high to be a hastingsite. 

The problems of the formation of this hornblende are dealt with in the second 
part of this paper. 


AMPHIBOLITE 


This rock is both macroscopically and microscopically quite different from the 
schists dealt with above (cf. Fig. 5). This is for instance evident from the 
colour of the cores, those consisting of amphibolite are dark bluish green 
contrary to the dark greenish brown colour of the biotite schists. Furthermore 
there are plagioclase phenocrysts of a grain-size of 5 to 10 mm in the amphibo- 
lite, having a white colour against the dark groundmass because of a much 
advanced epidotization. The amphibolite is more coarse-grained than the biotite 
schists (1—2 mm as against 0.1—0.5 mm) and its schistosity is not at all ai 
marked as that of the schists. 

The characteristic association of minerals is, hornblende with relict texture: 
(dusting), plagioclases of different ages, epidote, biotite, quartz, titanite, pyrite 
and a little of potash feldspar. The rock has been most thoroughly examined i 
specimens and slides from core No. 4, 100.30 m. 
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Fig. 5. Amphibolite. Core 5/88.05 m. — 1 Nicol; 20 x. 


There are three different kinds of plagioclase, the most striking of which 
ire the large phenocrysts, filled with epidote, and not showing any sign of 
winning (cf. Table IX, Nos 12—14). The second type is not as large, it is 
winned and somewhat altered with small flakes of sericitic mica (Nos 8—11). 
[he third type, finally, is very small-grained, quite unaltered, not twinned, and it 
1as marked cleavages (Nos 1—7). In one of the slides (cf. Table IX) all 
jlagioclases have been measured, and it appeared that the three varieties, 
norphologically different, also have different contents of anorthite. 

It is evident from Table IX that the division into three different groups is 
very marked. The age relations are interesting. The phenocrysts are the oldest 
mes, remnants from a pre-amphibolitic stage. Amongst the two other types, the 
mall untwinned plagioclases probaly are the youngest, as they show no sign of 
iny alteration. 

The reason why only three of the phenocrysts have been measured is the fact 
hat the phenocrysts are not twinned, and that only a few of them have any 
leavages. The cause of the rather great variations in content of anorthite 
vithin this group is to be found in the different degrees in epidotization of 
lifferent phenocrysts. The distribution of epidote within the phenocrysts varies 
ather much, and the epidotes are not of the same grain-size in the outer parts 
s in the centres of the plagioclase phenocrysts. In the central parts the epidotes 
re comparatively large and rather scattered, contrary to the outer parts where 
here are a large number of very small epidotes. The transition between these two 
ypes is successive. The epidotes are all of well-developed rectangular outlines, 
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Table IX. Measurements of different plagioclases in amphibolite 


from core 4/100.30 m universal stage 
SE eee 


Content of An according to 


Plagioclase OV yee 
No. Berek Tertsch B i 
1 ml S DOES (—), 82° — 
2 23 fe 21 © —) 86° 0.0038 
3 21 19 (—) 86° 0.0036 
4 25 23 (—) 88° — 
5 - 18 16 (—) 88° — 
6 21 20 (—) 88° 0.0041 
. 7 22 — (—) 87° — 
i 8 28 % — (—) 84° — 
9 318 = (—) 90° = 
10 aii — = ay 
ia 30 — — = 
12 0% = = =a 
13 8 — _ = 
14» 12 — (+) 78° ae 


Table X. Composition of epidotes from filled plagioclase pheno- 
crysts in amphibolite, core 4/100.30 m. — Nos 1—6 are from 
plagioclase No. 12 (cf. Table IX), Nos 7—9 from plagioclase No. 
14, and Nos 10—13 from the groundmass of the amphibolite 


Epidote No. 2V | lo ay — Ng Be = Fa. hee Fe,O; 
i! 88° -— _ —— 6 
2 85° 4° —_ Ls 7 
3 92° — —- 9 
4 — — = 0.0086 5 
5 90° 6° —- oe 5) 
6 90° — ~- -— 5 
7 85° 4° —- — tl 
8 87° 5° _ — 6 
a 84° 5° — 8 

10 — _— 0.032 — aati 
Val 78° — — 11 
12 70° 2° -— 0.029 17 
13 68° -- —- 0.036 18 


and cleavages after (001) are usual. A narrow zone around the edges of the 
plagioclases is often completely free from inclusions. Some of these enclosed 
epidotes have been measured with the aid of a universal stage, the results are 
given in Table X. It is evident from this Table that all the enclosed epidotes 
belong to pistacite, some of them having a FegO3-content that places them at 
the limit between clinozoisite and pistacite. This high content of FegO3 is 
remarkable. A rather great quantity of Fe*+3 must have been available in the 
rock at the point of time when the epidotization of the plagioclase phenocrysts 
took place, and the iron must have been able to migrate into the plagioclase 
lattice, which certainly was partly disordered on account of the transformation 
of the anorthite compound into epidote. 
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Table XI. Planimetric analyses of filled plagioclase phenocrysts in amphibolite 
core 4/100.30 m. Weight % 


Phenocryst : ; pte 
Ne y Plagioclase | Epidote Biotite | Hornblende | Measured length % An 
il 22 Yo cat of 1 O% — 29 mm 0 
2 I {DeO% eee EG 104 mm 12 


A few planimetric analyses of these phenocrysts have been carried out in 
order to get the relation between host mineral and enclosed mineral. The 
accuracy is low because of short length of measurement and small grain-size, 
but the results give some hints concerning the composition of the filled plagio- 
clases, cf. Table XI. 

In the first phenocryst a little biotite occurs. The grain-size of this phenocryst 
is 2.5 < 1.0 mm. The large enclosed epidotes are sometimes as big as 0.17 X 
0.035 mm, but the usual grain-size is 0.06 < 0.02 mm. The very small epidotes 
in the outer parts of the phenocrysts have a grain-size of 0.01 « 0.01 mm. 

The second plagioclase phenocryst is of about the same size as the first one. 
The content of epidote is a little higher in this phenocryst than in the first one. 
These epidotes, which are formed through a transformation of the anorthite 
compound of the plagioclase phenocryst, have no inclusions and are quite un- 
altered contrary to those which are found outside of the phenocrysts in the 
groundmass of the amphibolite, and which are always dusted in their central 
‘parts, the dust consisting of submicroscopical mineral embryoes. There are no 
cores of orthite in the epidotes of this rock. 

The hornblende of the amphibolite is bluish green to dull green, usually short 
prismatic and as a rule not altered. Most of the optical measurements have 
been carried out on a slide from core No. 4, 100.30 m, with completion from 


other cores and depths: — 


NyNa = 1.671 = .002 

NgNa = 1.663 = .002 : 
NaNa = 1.655 + .002 

Dy—, = 0.016 

Ny—Ne = 0.019 (Berek compensator) 
¥ moderate bluish green 

B light bluish green 

a yellowish gray 

ely == ener: 

2V (—) = 77° 

G = 3.15 


These figures are very similar to those of the newly-formed hornblende of the 


biotite schist. The optical properties point to a common hornblende of moderate. 


alumina content. | 
Some further measurements have been carried out upon hornblendes from. 


other cores and depths, with the following results: — 
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Core 4/61.40 m 2V(—) = 72° (mean of 7 measurements) 
> > c/y SqugSs (SS Ss > ) 
»  4/50.80 m c/y Sle ( & s > ) 
» 4/7467 m 2V(—) = 68° ( » » 3 > ) 
> » c/y == 6.95 4 0 2 ere > ) 
» > Ny—Ng = 0.020 (Oss 5 86 > ) 
> > ng—Ng = 0.012 ( 1 > ) 


The variations in optical properties are comparatively small and suggest a slight 
variation in chemical composition of the hornblendes from the different horizons 
of the amphibolite. 

Typical of these hornblendes of the amphibolite is something that has been 
named dusting. With + Nicols there might be seen in the central parts of the 
hornblendes at extinction a faintly luminous carpet. It is possible to detect very 
small grains or dots having a grain size of between 0.002 and 0.005 mm. Most 
of these dots seem to have a slight reddish colour. This dusting might perhaps 
be explained as a reminiscent of an earlier mineral stage. 


The biotite of the amphibolite has the pleochroism 


y=8 light olive brown 
« grayish yellow 


The refractive index ngNa varies between 1.61 and 1.63, or about the same 
values as those of the biotite schists. There are no inclusions with pleochroic 
haloes within the biotites. 

The relations between biotite and hornblende have been much complicated 
through the metamorphic processes. It is usual, however, that the hornblende 
has relict textures (dusting) in the central parts and there is a transition be- 
tween this mineral and biotite. As will be shown in part II of this paper, it is” 
not probable that these hornblendes have arisen through any transformation of 
the biotite, it is much more probable that they have developed through a 
transformation of pre-existing pyroxenes, a kind of uralitization. 

There are a few chlorites which have arisen through alteration of both horn- 
blende and biotite. The distribution is very irregular. One of the chlorites was 
measured with the universal stage and Berek compensator to Nny—Ng = 0.0081, 
optically negative. It seems to belong to the penninite group. 

The titanite is found partly as rounded grains or aggregates, partly as idio- 
morphic crystals of a grain-size of about 0.02 mm. Both types are closely con- 
nected with the biotite. Pyrite is the only opaque mineral, magnetite has not 
been observed. ‘The same alterations are valid at contact between pyrite and 
biotite, as was mentioned in the description of the biotite-epidote schist. 

In the colourless ground-mass of the amphibolite consisting of quartz and 
feldspar there are very small flakes of biotite and small elongated crystals of 
epidote and apatite. There are also a few needles of rutile. — The quartz has 
no wavy extinction but healed cracks, now visible as line of small dots, some of 
which contain gas bubbles. 

Some planimetric analyses have been carried out, the results are given in 
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Table XII, Planimetric analyses of amphibolite from Héljes. 
No. lis from core 4/100.30 m, No. 2 from core 4/100.35 m, and 
No. 3 from core 5/90.00 m. The results are given in weight % 


1 2 3 
ee Se eee os |e ee ee 
Brot aere ty Pe en ween eke 93.8 26.6 95.1 
Dlanioclasemmin eee oo 25.3 95.9 95,0 
Flornblende i: gsc... 0s 15.0 20.3 99.0 
pid OG erase) eed sean cy <1 30.7 29.0 20.4 
Bo airy rates ale <ates< ae! ass 1.7 1.9 6.41 
PU Can be pone cutie megs nares se. 5.8 BRN) 3.9 0.7 
UA AERC Lis atte ic ai Pollo tcis = By <x 0.5 0.3 be 
IRVINE ake heats a sh as Sek 0.2 0.5 0.1 
XCalcitemr eter tertile sees sist ae = = 0.1 
CRIGHtER men a hectare a onie 0.1 ae Ee 
di Xe\ cl A ee are 100.3 100.0 100.0 


Table XIII. Amphibolite, core 5/90.00 m 
Analyst: R. Bux 
a ee ee 


| Weight % | Mol. prop. Niggli values 
Ba Beene eran 46.05 7 667 
PO) Ce eels ee ates ie ee Lames 1.16 145 al ee eee (170) = 28.5 
OSM re crs roots Wis Sais s ee ee 17.36 1703 fm .... (319)= 44 
GOR) 22 AA apres neo ee 3.66 999 Clee (175) = 24 
LP Mer aA, C, chs oom heyeviever ce wnt oot 7.06 983 alk .... (61) = 8.5 
ONG 1 Sey rare eee re ea 0.21 30 —— = a 
Cee Ea Se een eee So ee 6.95 1724 (#25) = 100 
Pete ree trae se ee dejar feces 0.07 5 
CROMER Notas) Pom ad )ad Bae Gees sais. 8 9.76 1 740 
Le ang TS EE IE Sr a oe 2.28 368 Shes 6b o (767) = 106 
CDS Grate cane oie, Renna ae ie ea 2.26 240 qz = —28 
BE ene «acre, Zara's eyes Sacus 2.56 1 421 tl cay ataass (1) =) 
DE ane a a A ee 0.09 — | eae ae (24) 04 
AS RIA atl Si oe le Gio ahs Sama 0.22 16 mg (172) = 0% 
RO nt ES Aha ot aba pelsteis, sus sel =, ° 0.04 a6 
BPE TE cf sec ee @ see's. s.oys. ad ="s 0.04 1 
BMPR ct csiore slelatc. a2 acc) clei ele, sich> 0.22 116 
ol ed cB SI SiRene inne ieee Sires sraerione 0.02 6 
CUNBWELI od ceeded ener eae noe enero 100.04 


Table XII. — The amphibolite has been analyzed chemically, with the result 
siven in Table XIII. It soon became evident that the mineralogical composi- 
ion of this rock was much too complicated to allow any thorough recalculation 
of the analysis into mineralogical composition. A planimetric analysis, however, 
has been carried out with a slide from the same place as that of the chemical 
analysis, core 5/90.00 m, and is shown as No. 3 in Table XII. In this analysis 
4 separate chemical analysis for quartz is also shown, 6.07 %. The figures for 
ypatite, calcite, and pyrite are taken from the chemical analysis. Tvs interes- 
ing to notice the close resemblance between the three different planimetric 
inalyses, quite contrary to the rapid variations in mineralogical composition 


vithin the biotite-epidote schists. 
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Fig. 6. Hornblendite. Core 8/75.60 m. — 1 Nicol; 20 x. 


HORNBLENDITE 


Together with the ordinary amphibolite another basic rock occurs, differing 
from this one in the absence of plagioclase (cf. Fig. 6). The features of the 
other minerals are about the same, however, but in some cases this rock has 
suffered a far more intense chloritization than the amphibolite. The horn- 
blendite is also much more dominated by hornblende than the amphibolite. 

The hornblende is of the same grain size as in the amphibolite but it is a 
little more elongated. It is usually rather much chloritized. It has the following 
optical properties (core 8/75.60 m) : — 


NyNa = 1.661 + .002 
a co 0.0145 

c/y = 19° 

y = bluish green 

ce = faintly yellowish 
G = 3.13 


The biotite is often intimately mixed with hornblende, and with chlorite. It 
has the following properties: — 


NgNa = 1.62 
Ny-Ne = 0.033 
y=6 = yellowish brown 
« = faintly yellowish 


The epidote has 2V (—) = 76°, thus about 12 % Fe.O3. Quartz is found as 


small grains between the other minerals and it has no wavy extinction. Apatite 
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Table XIV. Epidote-biotite hornblendite. Core 8/75.60 m 
Analyst: R. Burx 


| o Biotite Seen Epidote} Quartz |Titanite]A patice| Calcite Pyrite | Total 

$i02 46.60 G41) 26.12 7.17 6.38 0.52 5 
TiO2 1.08 Ot 0.18 — — 0.69 oe 
AlzO3 16.28 | 3.55] 811] 462 16.28 
mo 0.11 0.36 ot = 2.78 
e 42 2.56 5.78 0.08 8.42 
MnO . 0.22 | O.os | 0.14 = 0.22 
MeO. 8.40 | 2.56 | —5.84 8.40 
BaO . 0.03 0.03 = 0.03 
MaQ) -. 7.54 = 2.23 4.46 = 0.49 | 0.24 0.13 = 1.55 
Na2O . 1.77 0.12 1.65 bests 
oC) ee 2.23 1.57 0.66 2.23 
HeOr 3.66 0.79 2.51 0.36 3.66 
H20- 0.56 — — -- — 
P2Os 0.19 — — — — — | 0.19 — — 0.19 
CO2 0.10 — — — 0.10 0.10 
gt! Sear 0.07 0.07 0.07 
gains 0.18 0.02 0.15 0.01 = 0.18 
fan aeeger sree OL 0.01 — = a — — — — 0.01 


otal - } 100.14 | 18:02 | 53:73 | 18.92 6.38 1.70 | 0.44 0.23 0.15 | 99.57 


Table XV. Chemical composition of hornblende from Table XIV, core 8/75.60 m 


| | 5 | Mol. prop.| Atomic prop. (0=48) | Theor. 


SiO2 sbnhatiokneer. 26.12 48.61 8 094 Si 13.4 | 16.0 16 
“TROD So ecto Fea ecear 0.18 0.34 43 “ilk 0.1} 

BO) see cous, Sivan a) wtf foov Tuer 8.41 15.09 1 480 Al 2.5 | 

eos rns ss co sees 0.36 0.67 AD Al 2.4 

eC eres aed rat oe ane. 5.78 10.76 1 498 Fe 0.1 | 

ALO gaa) ee ee ee 0.14 0.26 37 Fe 25 3 9.6 10 
COs cites 6 eyo 5 she = 5.84 10.87 2 696 Mn 0.1 | 

CERO Re Ane eee 2.23 4.15 740 Mg 4.5 

NEGO) STS eee ee eee 1.65 3.07 496 Ca 1.2 

TE ©) eat AP att see's Sacre 0.66 1.23 131 Na 1.6 H 3.2 4 
Els ©) ME Sic Beckers cis 2.51 4.67 2 592 K 0.4 

LY abd SO Sc cosine 0.15 0.28 47 H 8.6 4 
TIGKE 66 afer ercceore 53.73 | 100.00 


and titanite are mostly found near to, or enclosed within, the biotites. There are 
a few pyrites but no other opaque minerals. 

The hornblendite has been analyzed chemically, the results are given in 
Table XIV. At the recalculation of the analysis planimetric values for biotite, 
epidote, titanite, and quartz have been used. The last-mentioned values was 
checked with a separate chemical analysis upon quartz, giving 6.38 7. The con- 
tents of apatite, calcite, and pyrite were given directly by the chemical analysis 
of the rock. The remaining elements were put together as hornblende, something 
that naturally can give only a very approximate composition. This mineral has 
been recalculated in Table XV. — At the recalculation of the hornblendite in 
Table XIV no regard has been taken to the content of chlorite as that had 
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Fig. 7. Quartz porphyry, Sdljforsen. + Nicols; 10 x. 


been very difficult to ascertain by chemical-planimetric analysis. The presence 
of this mineral, however, might perhaps be seen in Table XV in the very low 
values of Ca, Na, and K, and in the very high value of H. 


QUARTZ PORPHYRY 


The predominating rock within the district of Sdljforsen is a quartz porphyry, 
in some places quite unaltered (cf. Fig. 7), in other places completely changed 
into a sericite schist. There are several varieties of the unaltered rock, one light 
grayish with phenocrysts of quartz and microcline, one dark grayish with 
phenocrysts of quartz, microcline, and plagioclase, and finally one variety having 
light reddish colour. 

The quartz phenocrysts are sometimes idiomorphic, but most often rounded 
or angular. The extinction is usually wavy. There are healed cracks, now visible 
as lines of small dots, sometimes with gas bubbles. The grain-size of the quartz 
phenocrysts varies between 0.5 and 7 mm, usually about 1—2 mm. 

The microcline phenocrysts are always more or less altered, they readily 
undergo sericitization. ‘The microcline is always perthitic. The grain-size is the 
same as that of the quartz phenocrysts. 

Plagioclase phenocrysts are found in the light grayish porphyry, and are 
very sparse in the reddish porphyry. They are common, however, in the dark 
grayish quartz porphyry. The plagioclase is much less altered than the microcline, 
it is twinned according to the Albite law, and it has low temperature optics. The 
anorthite content of the plagioclases of the dark grayish porphyry has been 
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letermined with the aid of the universal stage to 28 % (mean of 13 measure- 
ments), and the reddish porphyry to 11 %o (mean of 4 measurements). 

Epidote is the dominant accessory mineral and is a clearly late product, 
srobably formed in connection with the processes which were the cause to the 
formation of the basic metamorphic rocks. In small fissures in the reddish 
juartz porphyry dark reddish manganese epidote has been found. 

Dark minerals are very sparse in the light-coloured rocks, in some places 
mall accumulations of chlorite are found, probably formed at a transformation 
of pre-existing hornblendes or biotites. In the dark porphyry these accumula- 
ions are a little more frequent. 

The ground-mass of the quartz porphyries is fine-grained, usually having a 
srain-size of 0.01 mm. It consists of quartz, potash feldspar, a little plagioclase, 
ind a varying amount of sericite, depending upon the degree of alteration. 

The two light-coloured quartz porphyries might be classified as liparites, and 
he darker one as dacite. ; 


Part II. Petrological Discussions 


The different basic rocks of the Héljes region can be divided into three 
lifferent types in regard of mineralogical composition. The first one includes 
otite-epidote schists of different colours. The biotite-epidote schists with 
yeo-formed hornblende belong to the second type. The third type, finally, is 
nade up of amphibolite and hornblendite. Mineralogical and chemical compo- 
itions are given in Part I of this paper. In the following pages the petrology 
ind the origin of the different basic rock types will be discussed. 


Table XVI. Niggli values of different basic rocks of the Héljes region 


Niggli values | al | fm | c 


Biotite-epidote schist (green- 
ish biotite) 4/44.60 m....| 20 | 48.5] 26 5.5} 106 |—16 3.9 | 0.9 | 0.4 


Biotite-epidote schist (green- 


i ioti -05 
BE iat at 20.5| 50 | 21.5] 8 124 |— 8 By) alin ize 


Biotite-epidote schist (yellow- 
ish brown biotite) 5/94.40 


Biotite-epidote schist with neo- 
formed hornblende 5/78.05 


iat ee Oe enclave atten 20.5| 50.5} 22 7 118 |—10 4.3 | 0.55) 0.35 
i -bioti blendit 
Bee co. 22.5) 51 | 19 fis We als) |e eal 0.45 | 0.6 
4Amphibolite 5/90.00 m...... 93.5| 44 | 24 8.5 | 106 |—28 2.0 | 0.4 | 0.4 
Basalt mean of 161 analyses, 


oles enol. 2 45 | 23 110 117. |—23 2.6 | 0.25] 0.5 


42 PONTUS LJUNGGREN [Jan.—Febr. 1958 


Table XVII. Number of cations per standard cell containing 160 oxygen atoms 


el Ni 1 2 3 4 5 6 

a hes 444.60 | 5/84.08 | 6/9440 | 5/7805 | 8/75.60 | 5/90.00 
SL a siete oes sm em 45.03 48.14 39.93 46.18 47.08 44.90 
We posccctausodce 1.66 1.99 0.90 1.71 0.82 0.85 
INSEE Owagaanda Go. 6.62 2.85 3.65 3.39 2.13 2.68 
IML Dococrccdae go 17.00 16.09 24.95 16.32 19.37 19.95 
bee een'o-ao o.com. 5.85 8.91 7.32 8.64 (ee 5.76 
Ia Sei ope e 0.19 0.25 0.22 0.59 0.19 0.18 
Wie oe ooaecoeen 7.87 7.41 13.08 7.24 12.64 10.10 
Bay ery srcyeter seeders 0.06 0.04 0.06 0.03 0.01 0.03 
Carer ccicraeeste cies 11.01 8.39 10.21 8.76 8.16 10.19 
Nae Bens 0.40 0.10 0.78 3.04 3.46 4.32 
Kage cere ee 4.28 5.88 6.88 2.26 2.88 2.82 
PG 5-6 ee re 1.20 1.28 0.20 0.52 0.16 0.19 
CHEE Pe einen ees 0.50 0.07 0.12 0.04 0.14 0.07 
Total cations ....| 101.67 101.40 | 108.30 98.72 | 104.15 | 102.04 


The chemical analyses of the different rocks have been put together in 
Tables XVI, XVII and XIX, together with the average composition of basalt 
given by Daty (T. F. W. Bartu, p. 69, 1952). 


PETROLOGY AND ORIGIN OF THE BIOTITE-EPIDOTE SCHISTS 


The different kinds of this rock are composed of biotite and epidote together 
with varying amonts of quartz. The optical properties of the minerals are given 
in\Part 1: 

It is evident from these data that the biotites of different colours have 
practically identical optical properties. In order to find out the variation of n 
with colour of the biotites some biotite flakes were taken from different basic 
rocks within the Holjes region and ng was determined with the immersion 
method. The results are given in Table XVIII. It is evident from this Table 


Table XVIII. Refractive indices of biotites from different depths of cores Nos 4and 5 


Core and 


depth inm Rock 


|e Na 


Yellowish brown] 14.6245 4/49.93 Biotite (yellowish brown) -epidote schist 


aa » 1.6235 50.80 | Amphibolite 
eae SCHED ioe 5/50.75 | Biotite (greenish) -epidote schist 
ful 642 77.45 » 
Yellowish brown] 14.6335 78.05 | Biotite (yellowish brown) epidote schist 
ae » 1.6435 78.18 » -: neo-formed hornblende 
Greenish ...... 1.641 78.80 | Biotite (greenish) -epidote schist 
Yellowish brown] 1.6275 79.29 | Biotive (yellowish brown) epidote schist - 
+ neo-formed hornblende 
» » 1.616 81.25 | Amphibolite 
» » 1.625 82.55 » 
» » 1.6295 84.05 | Biotite (yellowish brown) -epidote schist 
» » 1.626 84.40 » 
> » 1.626 86.70 | Amphibolite 
» » 1.622 94.40 | Biotite (yellowish brown) -epidote schist 


a ee le 
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hat the changes in colour of the biotites are not directly connected with changes 
in index of refraction. Thus changes in pleochroism of the biotites from greenish 
to yellowish brown must not necessarily be connected with changes in index of 
refraction. ‘This problem has been dealt with by J. A. Hatt (194 1) who pointed 
out the same relation. He also examined the chemical composition of biotites of 
different colours and he could in most cases not find any direct relation between 
these two features. The biotites rich in TiO», however, in most cases have a 
reddish pleochroism. The most striking feature of the chemical composition of 
the present biotites (cf. Tables II, IV and VI) is the high content of Fe.O3 of 
the greenish biotite as compared with the greenish brown and the yellowish 
orown ones. 

The optical properties and the chemical composition of the epidotes from the 

different biotite-epidote schists are about the same, all of them having a rather 
high percentage of FegO3 (12—15 %). 
_ Often there is a high percentage of quartz in these rocks but it varies by a 
wide margin (from only a few percent up to 40—50 %). ‘The high contents 
of apatite and titanite are remarkable and might give some clue to the origin 
of the rocks. The calcite, shown in the chemical analyses, is a late product. 

The biotite-epidote schists are intensely foliated, the foliation being parallel 

to the boundaries with adjacent rocks. The proportion between the three 
principal minerals, biotite, epidote, and quartz, varies rapidly from layer to 
layer in these schists. 
_ All the minerals of the biotite-epidote schists have a very fresh appearance, 
there are seldom any inclusions. Thus there are no signs left of any progressive 
or retrograde metamorphism. The reactions which formed the present minerals 
could be finished without any disturbance. 

It is difficult to state any definite origin of these schists but some data point 
to some kind of sedimentary rock. A very striking feature is the high content of 
K,O as compared with the extremely low content of Na,O. The chemical 
composition and the rapid variation in mineral composition perpendicular to 
the schistosity might point to an origin from marly sediments, having a varying 
content of quartz grains. 

It is evident, however, that the present biotite-epidote schists have formed 
during metamorphism from rocks of quite another appearance than the present 
one. It is common during intense metamorphic transformations, when micaceous 
minerals belong to the main minerals, that some kind of metamorphic differ- 
entiation takes place, but this has evidently not been the case here. A great 
Jecrease in the percentage of biotite in most cases also means a decrease in the 


percentage of epidote. Y nha ee 

A typical section through a biotite-epidote schist 1s given in Fig. 8. The 
slanimetric analyses have been carried out in the following way. The mineral 
composition of lines, about 19 mm of length, have been measured with the aid 
of a Leitz’ integrating stage. The lines have been orientated parallel to the 
schistosity of the schist. The distance between the separate lines has been 0.1—0.2 
mm. The profile is taken from core 4/44.60 m (biotite-epidote schist with 
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Fig. 8. Planimetric analyses along a section (10 mm) of the greenish biotite-epidote 
schist, showing the variations in mineralogical composition perpendicular 
to the schistosity. Core 4/44.60 m. 


ereenish biotite). The values are given as percent by weight. With the compara- 
tively small grain-size of these schists this method gives a good comparison of 
the fluctuations in mineral composition along the profile measured. In this 
profile the content of quartz is rather small and the rock is dominated by 
epidote and biotite. 

It is obvious that biotite and epidote compensate each other up to the point 
where calcite appears. It is interesting to notice that the appearance of calcite is 
combined with a decrease in the content of biotite, but not of epidote. This 
might indicate that calcite is a late product, much younger than the formation 
of epidote, as mentioned above. 

It is not possible from this slide to state the ratio between biotite and epidote 
but examinations of several other slides have shown that the ratio between these 
minerals does not vary much. In some slides biotite predominates, in other 
epidote predominates, but the changes in ratio of epidote/biotite are compara- 
tively small. 

No difference in distribution of titanite between the basic and the acid layers 
has been observed. Planimetric analyses have shown a very even distribution of 
this mineral. There is nor any difference in percentage of titanite in the biotite- 
epidote schists with greenish and yellowish brown biotite, respectively. 


PETROLOGY AND ORIGIN OF THE AMPHIBOLITES 


The amphibolites exhibit quite another appearance than the biotite-epidote 
schists and a distinct origin is to be supposed for these rocks. They consist of 
hornblende, sodium plagioclase, biotite, quartz, epidote, together with smaller 
amounts of other minerals. The optical properties of the participating minerals 
and the chemical composition of the rocks are given in Part I. 
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Table XIX. Chemical analyses of the basic rocks of the H@ljes series, 
and of average basalt 


1 D 3 4 | 5 | 6 | 7 
a cs ee (a 
oo ween ee 44.33 47.77 38.20 47.78 46.05 46.60 49.06 
"I ro tee 2.18 2.63 1.14 2.35 1.16 1.08 1.36 
2O3Z «.- 2 eee 14.21 13.60 20.25 14.10 17.36 16.28 15.70 
GO OS Goce se ok 9.45 3.75 4.64 4.67 3.66 2.80 5.38 
ores 6 eee 6.89 10.58 8.38 10.70 7.06 8.42 6.37 
ITO cide 5 woes 0.22 0.30 0.25 0.73 0.21 0.22 0.31 
ee 5.20 4.94 8.40 5.03 6.95 8.40 6.17 
Ye A ass eae 10.12 Mel 9.12 8.46 9.76 7.54 8.95 
ES Oe aes Se 0.20 0.06 0.38 1.62 2.28 Wey 3.11 
0,0 Ae eee 3.31 4.58 5.16 1.84 2.26 2.23 1.52 
BETO ave) = hege 1.69 eos 3.26 1.78 2.56 3.66 1.62 
Raa 1.39 1.50 0.23 0.63 0.22 0.19 0.45 
ere ee eee See a eee See Os | 


1. Biotite-epidote schist with greenish biotite. Table I. 

2. Biotite-epidote schist with greenish brown biotite. Table ITI. 
3. Biotite-epidote schist with yellowish brown biotite. Table V. 

4. Biotite-epidote schist with neo-formed hornblende. Table VII. 
5. Amphibolite. Table XIII. 

6. Hornbiendite. Table XIV. 

7. Effusive basalt, Daly (after Barth, p. 69). 


The hornblendes exhibit quite a certain feature, described in Part I as 
dusting”, an irregular “carpet” within the hornblendes consisting of minute 
nclusions of too small a grain-size to allow any determination of their nature. 
t is evident, however, that they represent an earlier metamorphic stage, a 
ossible origin could be the metamorphic process at which the hornblendes 
ormed from some other mineral, probably a pyroxene. 

The plagioclase, now in the form of three different varieties, is shown to 
ave been developed as larger phenocrysts. As is evident from the high percentage 
agioclase these previously had a much higher percentage of anorthite than 
he present ones. 

Nothing can be said about the origin of quartz and biotite, but it is probable 
hat both minerals were formed during the metamorphic transformations which 
he present amphibolite suffered. This metamorphism of the pre-amphibolitic 
ocks evidently was of a retrograde nature. All data of the present amphibolite 
iven above point to an origin from some kind of basaltic rock, containing 
yroxene and phenocrysts of An-rich plagioclase. 

It is evident from Table XIX that there are no great differences between 
JALY’S average basalt and the amphibolite, and this means that the transfor- 
1ations which have taken place to the greatest part have been internal chemical 
ansformations, with no great addition or subtraction of material. 

In a basaltic rock of average composition there are the following main 
tinerals: labradorite, augite, and iron oxides (magnetite, titanomagnetite). At 

saussuritization of a basaltic rock the pyroxene is transformed directly into 


ornblende and the An-rich plagioclase is transformed into albite and epidote. 


‘his is just the same composition as that of the present amphibolite. Concerning 
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Fig. 9. Some planimetric analyses of hornblendite (61.50 m) and amphibolite 
from different depths of core No. 4. 


the dusted hornblendes there has not taken place any transformation from 
biotite into hornblende in the amphibolites as the neo-formed hornblendes of 
neighbouring biotite-epidote schists have no inclusions at all. The author has 
tried to reconstruct remnants of an uralitic texture from the areas of inclusions 
but without any success. The boundary lines of these areas of inclusions do not 
seem to be parallel to any crystallographic faces of the present hornblende or 
of any pyroxene. These dusted areas are probably remnants of an _uralitic 
texture, now nearly destroyed. The area of hornblende without any inclusions 
outside of the dusted areas might have developed as a neo-formation at the 
uralitization or through a removal of the dust. 

In basalt there is always a high percentage of iron oxides (magnetite. 
titanomagnetite) but there are no traces of these minerals in the present amphi- 
bolite. Well-crystallized pyrites are the only opaque minerals, but these are late 
products. S. Hyetmgvist mentions (1934, p. 128) that at a formation of horn- 
blende from augite some of the calcium liberated at this reaction might react 
with titanomagnetite forming titanite. It is also possible that it is the calciur 
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Fig. 10. Planimetric analyses at the boundary between biotite-epidote schist, and biotite- 
epidote schist with neo-formed hornblende, showing the variations in mineralogical 
composition perpendicular to the schistosity. Core 5/77.95 m. 


liberated at the epidotization of anorthite that reacts with the titaniferous iron 
oxide forming titanite. Such a reaction might explain the total lack of iron 
oxide minerals and the high frequency of titanite in the amphibolite, from 2 to 
t %. 

Planimetric analyses have been carried out upon some slides of a layer of 
amphibolite from core No. 4 and the analyses are put together in a diagram, 
Fig. 9. It is evident that the variations in percentage of hornblende and quartz 
+ feldspar have had no influence upon the percentages of biotite and epidote. 


PETROLOGY AND ORIGIN OF THE BIOTITE-EPIDOTE SCHIST WITH 
NEO-FORMED HORNBLENDE 


The optical data of the minerals and the chemical composition of the rock are 

yiven in Part I. The great similarity between this rock and the biotite-epidote 
schists has already been pointed out. There are great variations in mineral 
somposition of this schist, a successively increasing percentage of hornblende 
intil complete disappearance of biotite and epidote. 
_A planimetric analysis, similar to the one of the biotite-epidote schist (Fig. 8), 
nas been carried out just at a horizon where hornblende appears in the schist, 
-f. Fig. 10. The measurements are made on core 5/77.95 m, and the lines were 
aken parallel to the schistosity. The length of the profile, perpendicular to the 
chistosity, is 14.5 mm. 22 lines were measured, with a somewhat denser 
requency in the left part of the diagram. 

This diagram gives some interesting details. In the left part there is a narrow 
iplitic vein, cutting the schistosity at a small angle. The borders of the vein have 
yeen enriched in quartz, as is evident from the diagram. This vein of aplitic 
omposition is probably a late feature. Also in other slides from neighbouring 
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rocks a late K-feldspathization has been observed, indicated through narrow 
veins of potash feldspar between the other minerals. 

It is a remarkably high content of pyrite, often as high as 10 % of weight. 
The contents of pyrite of the ordinary biotite-epidote schists exceed as a rule 
not a few percent. In some of the slides of these rocks there are only a few, 
small pyrites, in others, however, there are a large number of small pyrites distri- 
buted over the whole of the slides. It thus looks as if there were local enrich- 
ments in some layers of the schists, something that could probably mean a 
primary content of sulphides in these rocks. In the amphibolites, however, all 
percentages measured or calculated are of low order. It thus looks as if the right 
part of the diagram should represent such a layer of the schists, very rich in 
pyrite. 

The distribution between biotite and epidote in the diagram is markedly 
constant, and the content of quartz has no great fluctuations. 

In the line 5.5 neo-formed hornblende is met with. The content rises rapidly 
(in one millimetre) to 8—10 % and then it holds the same level to the end of 
the diagram, except a local peak at 29 %. The chemical differences are to be 
found in the presence of sodium in the right part but absence in the left part 
of the diagram. It is remarkable that plagioclase (with 30 % An) is found in 
the right part together with hornblende, but that it is quite missing in the left 
part. In the normal biotite-epidote schist there are almost never any plagio- 
clases. It is evident that the increase in percentage of hornblende and plagioclase 
is accompanied by a decrease in the percentage of biotite and epidote. 

The contents of the other minerals, quartz and pyrite, have not been in- 
fluenced by the entrance of the new minerals. It is probable that hornblende, 
and partly also plagioclase, has formed from biotite and epidote through a 
certain supply of substance from outside, i.a. sodium. The potassium, liberated 
at these reactions, might have been consumed at a neo-formation of potash 
feldspar. 

Provided that the following compositions of the three minerals are valid 


epidote Cag(Al, Fe?+)3Si30,2(OH) 
biotite K ( Mg, Fe? ot ) 3AISiz040 (OH) 2 
hornblende NaCaz(Mg, Fe?+)4Al3SigO22(OH) » 


the chemical reaction of the transformation of biotite and epidote into horn- 
blende might have taken place according to the formula 


epidote + biotite + Na+ —~ hornblende + K+ + OH- 


500 g 465 ¢ 900 g 
145 cc 154 cc 292 cc 
299 cc 


This means a supply of Na*, a removal of K+, and a reduction of one Fe?+ 
into Fe**. No changes in volume are necessary. 
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In some of the layers of biotite-epidote schist with this neo-formed horn- 
alende there is a nearly complete predominance of this mineral. No traces of 
otite are to be found in these layers and only a very small percentage of 
spidote. It thus looks as if all the biotite and nearly all the epidote were con- 
med at the formation of hornblende. In these rocks there are never high 
dercentages either of both biotite and hornblende, or of both epidote and horn- 
slende, and this speaks in favour of the mode of formation put forward above. 


PETROLOGY AND ORIGIN OF THE HORNBLENDITE 


The optical properties of the minerals and the chemical composition of the 
ock are given in Part I. The hornblendite occurs as a few thin layers in direct 
contact with the layers of amphibolite and it is in many respects similar to this 
ock. ‘The most typical difference is that plagioclase most often is quite missing 
n the hornblendite. There are no greater differences in chemical composition 
as is evident from Tables XIII and XIV. The hornblendes have always a 
lusted central core, the shape of which is quite irregular. A microphotograph 
of the rock is given in Fig. 6. It has been supposed above that the amphibolite 
riginally was a basaltic rock, and the similarities in mineralogical and chemical 
omposition as compared with the great differences in texture of the amphibolite 
und the hornblendite makes it probable that the last-mentioned rock is a me- 
amorphosed basaltic tuff. 

The hornblendite has a rather high content of epidote (18.9 % in Table XIV) 
ind this mineral has probably developed at a total break-down of the An-rich 
jlagioclases of the basaltic tuff. The mineralogical changes at the transformation 
rom basaltic tuff into hornblendite should have consisted in uralitization of the 
yyroxene accompanied by an epidotization of the plagioclase. The albitic com- 
onent, however, might either have been consumed at the formation of horn- 
slende or was completely removed at the break-down of the plagioclase. 


THE PORPHYRY AND THE SERICITIZATION 


A diagram of some of the diamond drill-holes has been put together in Fig. 11 
n order to demonstrate the connection between basic rocks and sericitized por- 
yhyry. A study of this diagram reveals that the sericitization of the porphyry has 
nly taken place in the immediate neighbourhood of the layers of basic rocks. 
[he change from ordinary porphyry into the extreme sericite schist means an 
Iteration of potash feldspar and plagioclase into sericite, whereas quartz re- 
nains intact, 

3KA1Si3O08 + H,O—> KA13Si3039(OH) 2 oh 6SiO, + K20. 

t is well-known that such a change readily takes place under hydrothermal 
onditions, but are there any signs of a similar alteration of the basic rocks? 
f this sericitization is a late process then it might perhaps be connected with 
he chloritization of hornblende and biotite which has taken place in some 
orizons of the amphibolite and the hornblendite. The biotite-epidote schists, 
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Fig. 11. Block diagram of the drill-holes Nos 4, 5, 7, and 8. 


however, have not been affected by any such alteration. It is probable that the 
sericitization of the porphyry started as a result of a change of external condi- 
tions but that the tectonical movements causing the alteration mainly took place 
within the immediate neighbourhood of the basic rocks. These problems will be 
dealt with in a later paper. 


THE CONNECTION BETWEEN THE DIFFERENT ROCKS 


It is difficult to state anything definite of the interrelations between the 
different rocks of the Héljes series (cf. Fig. 12). None of the basic rocks is found 
at the surface of the bedrocks, all the data given in this paper are taken from 
examinations of cores of diamond drill-holes. More data about the porphyries 
and about the tectonics will be available within a few years and therefore 
these problems will not be dealt with here. The scope of the present investiga- 
tion has been to examine the different basic rocks and their mutual relations. 

The present amphibolite is the result of a retrograde metamorphism of a 
rock of basaltic composition. The pyroxene has been transformed into horn- 
blende, the plagioclase, rich in An, has been transformed into albite and epidote. 
These transformations do not necessitate any other supply of material than a 
sufficient amount of water. The sodium necessary at the formation of horn- 
blende has probably been taken from the break-down of the plagioclases. These 
transformations are typical of a retrograde metamorphism and they might have 
been initiated during dynamothermal conditions, probably in connection witk 
the down-folding of the complex. 
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Fig. 12. Diagram of drill-holes Nos 4, 5, and 8. 


No reason has been found to presume any intrusive character of the rocks 
belonging to the Hljes series: amphibolite, hornblendite, biotite-epidote schists, 
and quartz porphyry. It is probable that all the rocks are supra-crustal, either 
sedimentary or volcanics. 

The hornblendite has been considered as a metamorphosed volcanic ash of 
basaltic composition. The transformations of this rock have been similar to 
those of the amphibolite. The content of epidote points to a content of plagio- 
clase of the pre-metamorphic rock, but, contrary to the amphibolite, no albite 
was formed. It is possible that albite never formed and that the sodium of the 
former plagioclases moved into neighbouring rocks. 

The probability has been put forward above that the biotite-epidote schists 
represent metamorphosed marly sediments. Their mineralogical composition 
would be rather strange for any magmatic rock with about 50 % of biotite and 
50 % of epidote. The metamorphism of the schists has been progressive, there 
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are no signs of any retrograde metamorphism except a minor chloritization in 
a few places. A formation of biotite and epidote in a marly sediment takes place 
at relatively low pressure-temperature-conditions, but it must be remembered 
that not only the pt-conditions but also the chemical conditions play an im- 
portant réle. If a marly sediment has a sufficient percentage of potassium then 
biotite and not chlorite will form as the stable component in the greenschist 
facies. If potassium is absent or insufficient, however, chlorite will form. It has 
been discussed if biotite forms directly or if chlorite is first formed also at an 
excess of potassium (Tu. Vocr, 1927, p. 439). In this later case biotite should 
form at the expense of chlorite and muscovite (Vocr, p. 424). It has been proved 
that chlorite and illite are formed in sediments of suitable chemical composition 
already during diagenesis, thus before the true metamorphic transformations 
start. Such a change from chlorite and illite into biotite should explain the 
complete predominance of potassium in these schists, as illite is a highly selective 
fixator of this element (F. J. Perrrjoun, 1949, p. 503). Chemical analyses of 
illite show KzO 5.10—7.47 % (mean value 6.18 %) and Naz2O 0.13—1.05 % 
(mean values 0.37 %) (A. P. I. Project 49, No. 7, 1950, p. 57, and Grim, R. E., 
1953, p. 372). The ratio KgO/NazO varies between 5.9 and 57.5 (mean value 
27.0). Corresponding values of biotite-epidote schists from Tables I, III, and 
V are K2O 3.31—5.16 % (4.38 %) and Na2O 0.06—0.38 % (0.21 %), the ratio 
K20/Naz20 13.6—78.0 (36.1). 

Thus it does not seem impossible that the biotite-epidote schists have arisen 
from marly sediments which consisted of quartz, carbonates, chlorite, and illite. 

The following origin of the different rocks of the Héljes series has been 
postulated, as mentioned above: amphibolite — basaltic lava, hornblendite — 
basaltic tuff, biotite-epidote schists — marly sediments, and quartz porphyry — 
acid lava. All these rocks have suffered considerable changes and it is a difficult 
task to coordinate the different progressive and retrograde metamorphisms. 
The sericitization of the porphyry and the chloritization of parts of the basic 
rocks must be regarded as comparatively late alterations connected with tectoni- 
cal movements, which have taken place in these parts of the parish of Norra 
Finnskoga. 

The amphibolite and the hornblendite have arisen through retrograde me- 
tamorphism, and both rocks belong to the epidote amphibolite facies. The 
biotite-epidote schists, on the other hand, have developed from sediments 
through progressive metamorphism, and they ought to belong to the greenschist 
facies. Their chemical composition, however, reveals that they may as well be- 
long to the epidote amphibolite facies, the complete predominance of potassium 
in the rocks would have preserved the present mineral combination also in this 
facies. 

The neo-formation of hornblende in the biotite-epidote schists must be regard- 
ed as a result of changed chemical conditions, namely an introduction of sodium 
under the pt-conditions of epidote amphibolite facies. The intimate neighbour- 
hood of this rock and the biotite-epidote schists makes it probable that the last- 
mentioned rocks have also been under the conditions of epidote amphibolite 


Bd 80. H. 1] BASIC METAMORPHIC ROCKS 53 


facies, as mentioned above. The only difference should hence be the presence of 
or introduction of sodium into the present hornblende-bearing schists. 

The biotite-epidote schists with neo-formed hornblende are always found in 
contact with amphibolite or hornblendite. This makes it probable that the 
sodium, necessary of the change of biotite and epidote into hornblende, has. 
come from the amphibolitic rocks. The only occasion at which sodium was in 
an active stage within the amphibolite was at the change from basaltic rock 
into the present amphibolite. This means that the retrograde metamorphism 
forming the present amphibolite probably was connected with a progressive 
metamorphism forming the present biotite-epidote schists with neo-formed 
hornblende. 

The change from marly sediment into biotite-epidote schist probably took 
place prior to the neo-formation of the hornblende, but it was not necessarily 
any longer interval between these two processes. The formation of biotite and 
epidote in the marly sediment might have taken place at the beginning of the 
down-folding of the rocks. The change from basaltic rock into amphibolite, 
connected with the formation of hornblende in the biotite-epidote schists then 
probably took place as the tectonical movements grew stronger during the more 
active phase of the down-folding or uplift. 

The deposition of the different rocks should then have taken place under 
conditions of intense volcanism resulting in lavas of two kinds, basaltic and 
rhyolitic. Within the Hdljes series the quartz porphyry is the quite dominating 
rock, and this means that the volcanism was mainly rhyolitic. In some horizons 
of the rhyolite, however, an interlayering with basaltic lava and tuff took place. 
Such a composite volcanism of basalt and rhyolite without the intermediary 
rocks is not entirely unusual. T. TryccvAson (1955) mentions an occurrence of 
rhyolitic tuffs in plateau basalts from eastern Iceland. In the Hinsdale forma- 
tion of the San Juan region of southwestern Colorado rhyolitic rocks are met 
with, which are partly interbedded with basalt flows (W. Cross and E. S. Lar- 
SEN, 1935, p. 95). The Newberry volcano of central Oregon is known to have 
supplied both rhyolitic and basaltic lavas, almost without intermediary types 
(H. Witurams, 1935). 

Such an association of acid and basic magmas as mentioned above has been 
explained by Bowen (1928, pp. 92—124) as developed through a high frac- 
tionation among the plagioclase feldspars. It is possible, however, that in these 
cases the primary magma was basaltic, and that the rhyolitic magma is to be 
considered as formed through rheomorphism (H. G. Backiunp, 1938, p. 388) 
of granitic rocks or sediments. F. J. TURNER and J. VERHOOGEN (1951, pp. 223) 
state that “deep-seated generation of basaltic magma 1s likely to be accompanied. 
by nearby development of andesitic and rhyolitic magmas, either by complete 
or by partial fusion of rocks of varied composition”. - 

In conclusion, the following might be deduced about the origin of the rocks 
of the Hiljes series. The history of the rocks began with a period of volcanism: 
during which large masses of rhyolitic lava was deposited. The rhyolitic vol-- 


canism was accompanied by basaltic volcanism, resulting partly in basaltic lava, 
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partly in basaltic tuffs. During periods of quiescence sediments were also de- 
posited, mostly having the composition of marls. The material of the marls was 
probably taken from the decomposition of basaltic rocks. The mineral com- 
position of the marl was carbonates, quartz, chlorite, and illite. In connection 
with a down-folding of the rocks some intense transformations took place. First 
the marls were changed into a schist consisting of epidote, biotite, and quartz, 
thus a progressive metamorphism. During the more intense phase of the down- 
folding both progressive and retrograde metamorphisms took place. ‘The basaltic 
rocks were transformed into amphibolites (the basaltic tuff into hornblendite) 
through a change of An-rich plagioclase into epidote and albite, and a change 
of pyroxene into hornblende. Contemporaneously a little sodium was liberated, 
and this sodium transformed biotite + epidote in adjacent layers of biotite- 
epidote schists into hornblende, thus forming a hornblende schist. As the latest 
phase a retrograde metamorphism took place in connection with intense tec- 
tonical movements, affecting both porphyry and basic rocks, implying a sericit- 
ization of the porhpyry and a partial chloritization of the amphibolite and the 
hornblendite. 

The age of the Hdljes series is probably Gothian, but this problem will be 
dealt with in a later paper, as more data about the porphyries and about the 
tectonical features are expected to be available within a few years. 
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En baddformig jotnisk diabas i norra Vasterbotten 
Av 


GORAN STALHOsS 


Abstract. The writer has mapped for the Swedish State Power Board a flatlying 
ntrusion of Jotnian dolerite in the outlet tunnel and canal at the Umluspen power 
tation, Storuman, Swedish Lappland. The dolerite occurs in a veined gneiss probably 
velonging to the Middle Archean Elvaberg series (G. Kaursky, 1957) and a grey 
yalingenic granite (Revsund granite) which is in part distinctly intrusive. The general 
trike of the veined gneiss is east-west, with high dips. The direction of the tunnel is 
1orth-south. 


Part of the dolerite intrusion is seen in Fig. 1. Its width varies between 8 and 15 m. 
‘ts dip is low, 10—20°W. Apophyses are known. The texture is ophitic to sub-ophitic. 
[he kernel of the intrusion is medium-grained, whereas the marginal parts are dense 
hough plagioclase phenocrysts appear there. The following mafic minerals have been 
bserved (in order of decreasing quantities): titaniferous augite, olivine, titano-mag- 
1etite, biotite, and apatite. 

Similar flat-lying intrusions of Jotnian dolerite have been described from other parts 
yf Sweden (J. Soprar, 1913, S. Hyetmevist, 1944, and S. Gavetin, 1955). 

; 

For Kungl. Vattenfallsstyrelsens rakning utfordes nyligen av forf. en geolo- 
isk profilupptagning i avloppstunneln och avloppskanalen till Umluspens bli- 
ande kraftverk vid Ume 4lv i Storuman. Harvid framkom, att betydande delar 
WW utsprangningarna 4gt rum nastan parallellt med en maktig, baddformad 
liabas, vilken harigenom blivit tillganglig for kartering. 

Berggrunden i den c: a 3 km langa tunneln och kanalen utgores till ungefar 
ika delar av granit och Adergnejs. Graniten, av gra Revsundstyp, ar endast 
lelvis grovporfyrisk och utgéres i Svrigt av grov-, medel- och finkorniga varie- 
eter. De sistnamnda synas vara yngst och upptrada ibland som évertvarande 
plitgangar. En diffus pegmatitslirighet ar mycket vanlig i graniten, medan 
torre pegmatiter aro ganska fataliga. Forutom stora brottstycken av ovan- 
amnda Adergnejs i graniten finns ocks4 sadana, vilka besta av basisk granit el- 
er granodiorit (fig. 1). Graniten ar genomdragen av ett flertal slag i olika rikt- 
ingar, av vilka nagra atf6ljas av granitmyloniter och lerskdlar. ' 

Adergnejsen ar gra och har tydlig skiktning, som markeras genom tunna bio- 
itband eller smala amfibolitlager. Den r rikligt sillimanitforande och sannolikt 
4irmast att hanfora till Elvabergseriens évre fyllitavdelning inom Skelleftefaltet 
G. Kaursxy 1957). Biotit- och amfibolitbanden i gnejsen ha en brantstaende 
st-vastlig strykning, som hela tiden loper vinkelratt mot tunnelns nord-sydliga 
iktning. Det har visat sig, att gnejsen varit den bergart, sont gett ee 
ll de flesta forstarkningsarbetena i tunneln. Detta beror mojligen pa en viss 
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avlossning mellan de enskilda brantstillda skikten i kombination med sprickor 
1 olika riktningar. 

Den ovannamnda diabasbadden kan med mindre extrapolationer fdljas c: a 
1 km med en maktighet av mellan 8 och 15 m och en varierande vastlig stup- 
ning pa 10—20°. Vid sektion 1+ 900 gar diabasen upp Sver tunneln och filjer 
darefter sannolikt parallellt med denna c:a 2 km for att Ater bli synlig inne i 
maskinsalen, dar den dyker ned tamligen brant (sistnamnda iakttagelse enligt 
fil. lic. E. Anman). Diabasen utsander apofyser, fran saval hangandet som lig- 
gandet, i form av dm-breda, ofta langa och raka gangar. I den del av tunneln, 
som ligger mellan sektion 1 + 900 och maskinsalen ger sig den ovanfor tunnel- 
taket sannolikt befintliga diabasen tillkanna genom ett antal smirre apofyser, 
som utga fran densamma. (I fig. 1 ar endast den del av tunneln medtagen, 
i vilken diabasen kan féljas mera pAtagligt.) En pelarformig vertikalforklyftning 
f6rekommer allmant i diabasen och har bl. a. nédvandiggjort en omfattande 
{6rstarkning i tunneltaket nedstréms sektion 1 + 900. 

Diabasbadden har ett vagformigt forlopp och bildar pa nagra stallen marke- 
rade pucklar. Endast i ett fall har i tunnelns norra del iakttagits nagon pAtaglig 
tektonisering av densamma, namligen i en mindre apofys, som blivit avsliten 
och parallellférskjuten nagra dm. Diabasen har i sina centrala partier en medel- 
grov, ofitisk-subofitisk struktur. Plagioklaslisterna aro 2—3 mm langa med en 
sammansattning vaxlande fran labrador i karnan till oligoklas i yttersta randen. 
Féljande mineral inga med avtagande frekvens: titanaugit (kraftigt rodbrun), 
frisk olivin, titanomagnetit samt rédbrun biotit och apatit 1 mindre mangder. 
Nagot narmare granitkontakten blir diabasen finkornigare. Strukturen ar dar 


Fig. 1. Profil genom en del av tunneln jamte avloppskanalen vid 
Umluspens kraftstation 
Prophile through part of the outlet tunnel and canal at the 
Umluspen power station 


1. Gra Adergnejs av suprakrustalt ursprung. (Antagligen ur Elva- 
bergseriens fyllitavdelning i Skelleftefaltet. ) 
Grey veined gneiss of supracrustal origin. 
9. Grénstensinneslutningar av dioritisk-granodioritisk karaktar i Rev- 
sundsgraniten. : ; ; 
Xenoliths of greenstone in palingenic granite. 
3. Omvaxlande gra grovporfyriska, medelkorniga och finkorniga gra- 
niter av Revsund-Skelleftetyp. 
Palingenic granite. ‘ 
4, Jotnisk diabas av Asbytyp. Grov i gangarnas centrala partier, fin- 
kornig i randpartierna och i de smala gangarna GD)e 
Jotnian dolerite (apophyses = D). ; 
5. Stérre pegmatiter (P) och apliter (A); gra. 
Pegmatite (P), aplite (A). 
6. Starkt sprickforande berggrund. 
Strong jointing. ; 
7. Forskjutningszoner eller slag i olika bergarter utan krossmaterial 


Slide zones without mylonitization, fissures. 


8. Zoner av krossad granit + lera (LG). | 
Cipewtes zones of disintegrated granite (LG). 


58 GORAN STALHOS [Jan.—Febr. 1958 


ofitisk-subofitisk och plagioklaslisterna 0.5—1 mm langa samt zonarbyggda 1 
likhet med foregdende fall. Rédbrun biotit och Korit ha bildats delvis ur en 
rédbrun titanaugit, och olivin ar endast sparsamt foretradd. Invid granitkontak- 
ten blir diabasen tat och porfyrisk med strékorn av plagioklas pa 2—3 mm i en 
ofitisk grundmasa av 0.2—0.4 mm stora plagioklasindivid. Plagioklasens sam- 
mansattning ar oférandrad, medan olivin har endast upptrader helt underord- 
nat. Augiten har blivit farglés och i stor utstrackning ersatts av rédbrun biotit 
och rikligt med leukoxenaggregat. Graniten visar inga kontaktforandringar. De 
beskrivna diabasbergarterna dro alla av den typ, som brukar benamnas Asby- 
diabas och vars alder antages vara jotnisk. Vid sektion 3 + 00 1 avloppskanalen 
upptrader en c: a 3 m bred, baddformig diabas, som i likhet med de omnamnda 
smala apofyserna Ar alltigenom finkornig. Denna diabas utgér sannolikt ej na- 
gon sjalvstandig badd utan kan pa grund av sin tamligen branta stupning mot 
soder formodas utga fran den stora diabasbadden ett stycke langre bort 1 samma 
riktning. 

Olivindiabaser av Asbytyp med baddformat upptradande i urberget ha tidi- 
gare beskrivits bl. a. av S. Hyetmavist (1944) fran Torpshammartunneln i Me- 
delpad och av S. Gavetin (1955) fran Nordmaling i sédra VAsterbottens 1an. 
Hjet_mgvist visar, att diabasbaddar av detta slag ar tamligen vanliga i vissa 
strak i Medelpad och att de genetiskt synas héra ihop med vertikalstaende 
gangar av samma typ. Pa liknande satt finnas bade flacka och vertikala diabaser 
av Asbytyp i de jotniska Ulvédiabasbaddarna (jfr J. Sopra 1913). GavELIn 
har ocksa beskrivit liknande vertikala gangar av Asbytyp pa upp till 40 m:s 
maktighet fran trakterna mellan Lycksele och Vilhelmina. Den har beskrivna 
diabasen fran Storuman ar den hittills nordligast iakttagna baddformade dia- 
basen av sannolikt jotnisk alder i det vasterbottniska urberget. 
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The Soft Iron Ores of Vermlands Taberg 
By 


Pontus LJUNGGREN 


Abstract. The magnetite ores of Vermlands Taberg are found together with skarm 
minerals of the tremolite and diopside types. X-ray analyses and differential thermal 
analyses show that large portions of the ores have suffered a transformation into 
goethite, and that adjacent skarn rocks have contemporaneously changed into a clayey 
substance almost entirely made up of antigorite. 

In the following the chemical changes and the mineralogical transformations of 
res and rocks are discussed, and chemical analyses of unaltered ores and soft iron 
res are given. 


Laboratory examinations 


Specimens of the soft ores collected from Vermlands Taberg in September 
[955 and in August 1956 have been examined at the Geological Institute of 
Shalmers University of Technology at Gothenburg and at the Mineralogical 
ind Geological Institute of the University of Lund by means of differential 
hermal analysis and X-ray powder analysis. The author is indebted to Dr. 
3. Berger of the Institute of Silicate Research at Gothenburg for having taken 
our Guinier photograms. The apparatus for the differential thermal analysis 
(of Chalmers U. T.) is of a self-recording type built after the design of Dr. 
§. Eriksson of the Agricultural College of Sweden. For the X-ray analysis 
yartly Siemens equipment (Gothenburg) and partly Philips equipment (Lund) 
iave been used, with Fe-radiation and Mn-filter, powder camera diameters 
yeing 57.54 mm and 114.83 mm. 


Geology 


The iron ores of Vermlands Taberg have been carefully examined and 
fescribed by N. H. Macnusson in 1929. The ores are situated within supra- 
rustal rocks: leptites, dolomites, and limestones. The supracrustal rocks are 
trongly folded and have been influenced by granites of several generations 
vithin the immediate neighbourhood of the iron ores. 

The iron ores are of skarn type, the skarn minerals having arisen during 
egional metamorphism. Thorough metasomatic transformations have given 
ise to skarn minerals rich in MgO and poor in CaO. At the places of contact 
yetween leptites and skarn bodies skéls consisting of biotite and chlorite arose 


s a result of these metasomatic changes. 
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Magnetite is the only primary iron oxide mineral of Vermiands Taberg, and 
it is accompanied by tremolite, diopside, talc, chlorite, and serpentine. 

The iron ore of Vermlands Taberg was discovered in 1702, and in 1895 a 
depth of 350 metres was reached. In 1898 a new iron ore body was discovered 
by the aid of magnetic indications to the east of the other ore bodies, and 
this ore body was mined at a depth of 135 metres. In 1908 the soft iron ore 
was discovered at a depth of 82 metres, and the mining of this ore continued 
up to a depth of 42 metres. 

The soft iron ore can be followed down to a depth of between 80 and 110 
metres. However, MAcnusson found traces of weathering in the ore at a depth 
of 220 metres (op. cit., p. 47). 

It is often seen at the deeper levels of the weathered zone that the skarn 
minerals, accompanying the ore, have suffered argillization whereas the magne- 
tite remains intact except for a slight marthitization. At higher levels this is 
even more evident, as partly marthitized magnetite ore bodies are in direct 
contact with completely argillized skarn. This indicates that the weathering 
started with a transformation of skarn minerals and adjacent rocks, but that 
the magnetite was somewhat more resistant against the transforming agencies. 

The solution responsible for the alterations penetrated into the rocks and 
the ores through small faults and fissures from the surface of the ground, as 
is evident at the deepest levels of the zone of weathering. Here the alterations 
are only to be found in small fractures along which the solutions have been 
able to move. 


Mineralogy of the soft ores 


There are three main types of the soft iron ores, one of brownish colour, 
one of yellowish colour, and one reddish. Most often the brownish type is 
hard and the yellowish and the reddish are soft and earthy. All three types have 
been examined by means of X-ray analysis and differential thermal analysis. 
The results of the differential thermal analysis are given as curves Nos 1—7 
of Fig. 1. The characteristic feature of these curves is an endothermic peak at 
a temperature between 345° and 385° C, thus at the same temperatures as the 
peaks of lepidocrocite and goethite, 340° and 400° CG, respectively (J. L. Kure 
and A. F. Trires, 1951). However, the temperature of the endothermic peak 
of goethite is sometimes lowered to values even far below that of lepidocrocite, 
down to 200° CG (P. Lyunccren, 1955 a). Probably this varying peak tempera- 
ture depends upon the size of the goethite crystals, the lowest temperatures 
representing the crystal embryoes (LyUNGGREN, op.cit., p. 142). Thus in some 
cases it is impossible to distinguish goethite from lepidocrocite by means of 
differential thermal analysis. However, the curves Nos 1—7 of Fig. 1 show 
that there are either two different minerals or two modifications of the same 
mineral in these soft iron ores. Curve No. 1 represents a component having a 
peak temperature of 345° C, together with another component the peak tem- 
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Fig. 1. Differential thermal analyses of soft iron ores from Vermlands Taberg. 
Nos 1—2 yellowish and earthy goethite; No. 3 yellowish brown goethite; Nos 4—6 
brownish and hard goethite. 


erature of which is about 385° C. Curves Nos 2—7 show an increasing per- 
sntage of the second substance and a subsequent decreasing percentage of the 
rst component, Nos 5—7 being almost pure substances. 

These soft iron ores have also been examined by means of X-ray analysis. It 
peared that there is only one component in the brownish and the yellowish 
ft iron ores, namely goethite. This indicates that these soft iron ores consist of 
oethite of two essentially different crystal sizes, having endothermic peaks at 345° 
1d 385° GC, respectively. Three Guinier photograms, taken by Dr. S. Berger, are 
ven in Table I. Sample No. 1 is yellowish and earthy, samples Nos 2 and 3 
e brownish and comparatively hard. The identity of these three samples is 
vious, but there is perhaps a very small difference between No. 1 and the 
her two, as many of the d-values of No. 1 are somewhat higher than those 
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Table I. Guinier photograms of soft iron ores from Vermlands Taberg. No. 1 
is a yellowish and earthy variety, Nos 2 and 3 are brown and comparatively hard. 


il 2% 3} 

DTA No. 1, Fig. 1 DTA No. 4, Fig. 1 DTAPNos 6;) Esoael: 
d (A) I d (A) I d (A) I 
8.40 il 8.47 qe 8.51 il 
4.96 1 4.96 a 4.92 il 
4.26 4 4.15 5 4.15 6 

3.93 1 
3.68 2 3.56 1 
3.38 1 3.36 a 3.36 iu 
2.96 1 
iit 3 2.68 5 2.68 3 
2.58 il 2.58 2 250 2 
2.52 2 2.52 2 
2.51 2 2.51 2 2.51 2 
2.48 1 2.48 2 
2.44 1 2.44 4 2.43 5 
2.43 1 2.41 il 
2.23 1 2.25 1 2.24 2 
2.20 1 
2.18 1 2.18 1 2.18 2 
2.00 al 2.00 Ht 
1.915 1 1.910 1 
1.838 1 1.830 il 1.833 1 
7 2 1.790 1 
1.710 1 1.710 2 1.710 2 
1.692 2 1.687 1 1.685 1 
1.657 i 1.650 1 
1.624 iL 
dr6i3) i 1.613 1 
1.597 1 1.599 i 1.596 1 
1.554 il 1.558 1 1.553 iL 
1.502 1 1.505 1 1.500 i 
1.482 1 1.483 1 
1.462 1 
1.453 2 1.448 i 1.445 i 


of Nos 2—3. This small difference is perhaps due to the differences in crysta 
sizes mentioned above. 

The third type of the soft iron ores is of a sharp reddish colour and it is a 
fine-grained as the other two varieties. Differential thermal analysis shows only 
the ordinary endothermic peak of goethite, at about 345°C. The X-ray 
analysis, however, gives also the pattern of hematite, and the strength of the 
lines of respective patterns reveals that this soft iron ere of reddish colow 
consists of a very fine-grained hematite together with a smaller percentage o 
goethite, the reddish colour being due to the predominance of the hematite. 

The iron ore of Vermlands Taberg is accompanied by skarn, in parts strongh 
magnesia-dominated ; the original skarn minerals being diopside and tremolite 
together with garnet, cummingtonite, anthophyllite, and chondrodite. Also the 
skarn minerals have been altered in connection with the changes which resultec 
in the present soft iron ores, but the skarn changed into a clayey substance 0 
grayish white or light greenish white colour. This clayey rock has been examinec 
by means of differential thermal analysis and X-ray analysis. The curves of the 
thermal analysis are given as Nos 1—5 of Fig. 2. It is evident that these curve 
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Fig. 2. Differential thermal analyses of argillized magnesia-dominated skarn (an- 
tigorite) (Nos 1—5) and argillized leptite (montmorillonite) (No. 6) 
from Vermlands Taberg. 


neither represent kaolinite, illite, nor montmorillonite, the commonest of the 
clay minerals. However, the curves are very similar to that given by antigorite 
irom Caracas in Venezuela (Hess, H. H., Smitu, R. J., and Denco, G., 1952). 
The only difference is that the curve of the antigorite from Caracas has a single 
endothermic peak at 780° C, whereas the substance from Vermlands Taberg 
has a twin peak, the first at 780°C and the second at 790°C. One of the 
curves, No. 5, has a triple endothermic peak, with the small peaks at 740°, 
180°, and 797° C. Curves Nos 4 and 5 have one additional peak, at 325— 
350° C, indicating a small admixture of goethite. Some specimens of the clayey 
substance have been examined by means of X-ray analysis, the results of an 
X-ray photogram of the sample of curve No. 1, Fig. 2, are given in Table II 
ogether with the d-values of antigorite from Antigorio Valley in Italy (J. W. 
$RUNER, 1937) and a mean of five analyses of antigorites (C. J. W. Wuirraker 
ind J. Zussman, 1956). The identity of this argillitic substance from Verm- 
ands Taberg with antigorite is obvious. The antigorite is most often found 
mpregnated with grains of magnetite, or as impregnation within the magnetite 
re. In the latter case the antigorite is sometimes pseudomorphic with the skarn 


ninerals. 
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Table II. X-ray photograms of antigorite from Antigorio Valley, Italy (J. W. 

Gruner, 1937) (No. 1), argillized magnesia-dominated skarn from Via 

Taberg (No. 2), and a mean of five recording of antigorites (E. J. W. Whit- 
taker and J. Zussman, 1956) (No. 3) 


No No. 2 No. 3 
d (A) I d (A) I d (A) I 
7.37 s 7.30 vs 
7.16 6 7.14 vs 6.95 — 
6.48 VVW 6.52 Ww 
5.75 vVVw 5.80 w 
5 bak vVVW 
4.66 0.5 4.64 4.67 mw 
4.64 mw 
4.40 vVVW 
4,24 vw 4.27 
3.96 2, 3.97 vVw 3.95 mw 
3.64 m 3.63 s+ 
3.588 Ui 3.59 s 
3.480 0.5 3.47 vvw 3.52 VVW 
2.97 vVVW 
2.798 1 2.78 vVVwW 2.88 oe 
2.66 VVW 
2.60 vw 
2.57 mw . 
2.521 4 2.52 s 2.53 vs 
2.46 m 
2.402 1 2.41 VVW 2.42 mw 
2.39 Ww 
2.35 mw 
2.24 mw 
Sy ak mw 
2.152 1b 2.16 VVW 2.169 ms 
2.14 VVW 2.153 m 
ey Ww 
2.10 VVW Ads Ww 
2.035 Vw 
1.986 0.5 
1.879 Ww 
1.848 0.5 1.847 VVw 1.832 m 
1.808 1 1.808 vvw 1.813 Ww 
1-782 m 
1.755 w 
1.723 0.5 1.738 mw 
1.695 0.5 
1.680 vw 
1.638 Vw 
1.587 w 
1.562 3 1.563 m 1.563 m-+ 
1.538 2 1.535 Ww 1.541 m 
1.534 m 
1.529 1 1.528 vVw 1.532 m 
1.509 1 1.505 vw 1.509 mw 
1.497 m 
1.478 0.5 1.478 vVw 1.480 w 


The antigorite has arisen through the argillization of the magnesia-dominated 
skarn minerals usually associated with magnetitic ore. However, there are also 
other rocks close to the iron ores which are not as magnesia-dominated as the 
pure skarn minerals. One rather common type of rocks is skéls consisting of bio- 
tite and chlorite. These rocks have suffered an intense argillization. 'The present 
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mineralogical composition has been examined by means of X-ray analysis and 
lifferential thermal analysis, and it was found that the dominating mineral 
ee at montmorillonite, a Ca-dominated type. Minor minerals are one and 
juartz, together with iron ore minerals (magnetite, hematite, and goethite). 

_Many other rocks originally containing phyllosilicates and inosilicates together 
vith plagioclase, potash feldspar, and quartz have been changed into is @a= 
nontmorillonite-dominated argillitic rock. Quartz is present in some specimens 
xamined but it is often absent. This depends probably upon very low contents 
of quartz in the primary, unargillized rocks, which were composed of feldspars 
ogether with varying amounts of phyllosilicates and inosilicates. An X-ray 
Xamination of these montmorillonitic rocks often reveals more or less diffuse 
yatterns of mica, chlorite, and various skarn minerals, as amphiboles and 
yyroxenes. A differential thermal analysis of a biotite-rich leptite altered into 
montmorillonite-dominated argillitic rock is given as curve No. 6, Eee: 

These argillized rocks are very common near the soft iron ores, and they are 
esponsible for many of the difficulties connected with the underground mining. 
some of these argillitic rocks seem to be quite normal and hard at the opening 
#f the rocks but within a fortnight 4” nails can be driven into the “solid” rock. 
Phe cause of this rapid weakening of the rock depends upon the nature of the 
nontmorillonite. Before the opening of the rock a montmorillonite of low 
vater content prevails, but after the opening a rapid swelling of the instable 
nontmorillonite takes place, the water being taken from the moisture of the 
ir. All tunnels within the soft iron ores and the argillized rocks have to be 
imbered, but it is often observed that the fir timbers have been broken and 
hat the bottom of the tunnels have been pressed upwards at places where 
nontmorillonite-dominated rocks prevail. This swelling of the montmoril- 
mnite proceeds to mud. Old tunnels within these argillitic rocks have been 
ompletely filled with a ropy mud. A similar behaviour of argillized rocks has been 
eported by E. E. Wantstrom (1948) from North American localities, by H. 
. EckERMANN (1954) from Bergeforsen in northern Sweden, and by P. Lyunc- 
REN (1955 b, 1956) from several places in Sweden. 

The presence of montmorillonite within the area of the soft iron ores makes 
nN open-cut mining impossible, as this would result in a mud-basin caused by 
he rapid adsorption of water in the open air. 

The soft iron ores have also a tendency to flow out on the bottom of the 
innels, but this is not due to any swelling, as these ores only seldom contain 
ny swelling minerals. When mixed with small quantities of montmorillonite, 
owever, a certain swelling of the mixture takes place. 

A secondary enrichment of manganese into dendrites is very common, both 
thin the soft iron ores and in the argillized rocks. Furthermore, in some 
laces along the borders between the soft iron ores and the argillized bedrock 

secondary enrichment of manganese oxide ore has taken place (cf. P. Lyunc- 


REN, 1955 a). A chemical analysis of such an ore gave about 50 % Mn. The 
1 g zones hitherto found, often less than ten 


idth of the manganese-ore-bearin - 
le mining of manganese ore. The 


sntimetres, is too small to allow any profitab 
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Table III. Chemical analyses of iron ores from Vermlands Taberg, given as mear 


B = soft iron ore, and C = iron ore not concentrated. — The analyses 
Jit OS Sh a eee 
1954 1953 1952 1951 
A B A B A B A B 
ee Na ee eee eee eee ee 
SiOgiawacwnert 6.22 8.10 6.37 8.12 5.26 8.87 5.84 8.55 
MTOR. geomra ceo. 12 27 13 silty! As 33 19 26 
Nol Oe ee 1.36 4.10 1.10 2.30 .80 3.14 _ +98 3.06 
ReOmaeian ue 59.76 70.91 59.48 70.35 59.76 68.06 58.34 72.35 
Fe@ esoteric 26.37 10.03 26.63 12.61 26.88 12.09 28.30 7.59 
Fe (total) 62.3 57.4 62.3 59.0 62.7 57.0 62.8 56.5 
WENO! So ocoomes 43 66 45 50 Al eat 43 .63 
Maneater. 33 51 35 39 32 40 33 49 
CaORer oss 2.50 1.15 215 .90 2.15 1.45 1.66 1.00 
MgO 3.07 3.40 oie 2.04 33 2.80 3.92 2.96 
PAO sae eee: 027 029 .014 021 041 057 011 027m 
SR on 012 013 006 .007 018 025 005 .012 
Sie ee 057 018 048 .007 025 007 025 .004 
ISOS pn aricpaaee — — — 3.02 — 2.70 — 3.37 
CASN testers Seale acs i — — — = — a — 
TH NOMF 5 eine eine — = = == == = = = 


mineralogy of these manganese ores and similarly enriched manganese ores in 
other argillized zones will be dealt with in a later paper. 

Chemical reactions within the soft iron ores have given rise to a formatior 
of some veins, a few millimetres in width, consisting of agate and small quartz 
crystals. The rock bordering these veins has changed into a hard but porou: 
mixture of chalcedony, goethite, and quartz crystals, the latter having a crysta 
size of less than 0.2 mm. In some places a formation of calcite crystals in oper 
spaces has taken place, the calcite crystals being colour-less and free from 
macroscopically visible inclusions. — Both the agate-quartz veins and the calcite 
druses are later than the main goethitization and argillization. 

It is evident from the descriptions given above that the argillization of the 
rocks has given rise to antigorite and montmorillonite and that kaolinite wa: 
not formed. These rocks were prior to the argillization leptites and amphibolite 
of different kinds, some of them with a considerable percentage of pyroxenes 
The argillization of these rocks has not given rise to any kaolinite. However 
kaolinite has been found in some places and identified by means of differentia 
thermal analysis and X-ray analysis. One of these rocks is now composed o 
magnetite, a very fine-grained hematite of reddish colour, goethite, kaolinite 
and a little quartz. The texture of the argillitic rocks makes it probable that th 
pre-argillitic rock was a leptite with high content of magnetite grains and lov 
content of dark-coloured silicates. Some mica-schists or muscovitic leptites ar 
very similar to these kaolinite-bearing rocks, and it is probable that such mag 
netite rocks have given rise to this kind of argillitic rock. 

It is remarkable that some phyllosilicates have more or less survived th 
argillization and goethitization. In many of the soft iron ores, even in thos 
which have completely changed into goethite, aggregates of chlorite have beet 
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alues of the production of each year. A = crushed and concentrated iron ore, 
ave kindly been placed at the authors disposal by Tabergs Gruv AB 
 ————— ae ee 


1950 1949 1946 Mean values | 1919, 1925, | 
1946—1954 1926 
A B A B A B A B (@; 
eS a Be ee De es Pee ee Oe yall 
6.05 6.14 6.01 7.43 fay 6.53 6.23 7.22 9.56 
. 508 23 22 18 .20 .16 21 ad 
.84 2.85 95 3.29 1.60 Byhs 1.09 : : 
B7.33 | 8l.07 | 59.34 | 75.20 | 55.76 | 83.04 | 5854 Whee Bree 
28.56 4.24 27.53 9.78 25.73 3.09 27.14 8.49 21.05 
62.3 | 60.0 | 629 | 592 | 590 | 606 | 620 | 586 56.4 
39 53 34 49 51 40 42 53 72 
.30 Al 26 .38 42 Hi 33 41 55 
2.58 .76 2.15 1.25 2.95 .65 2.31 1.02 3.84 
3.61 1.32 2.89 2.02 4.95 1.41 3.61 Pees 5.75 
.009 .016 -007 018 009 023 .013 027 .009 
004 .006 .003 .008 004 010 006 012 004 
045 .006 048 015 070 v07 046 009 039 
— — — — 3.03 — 
— = a = 004 007 — — _ 
as =e = = 06 06 — — — 


ound. It is not possible to state if these chlorites, many of which have a flake 
ze exceeding one millimetre, are survivors which have not been transformed 
uring the argillization or if they have arisen through an alteration of pre- 
xisting biotites, as both biotites and chlorites are found in the unaitered iron 
res. In a few specimens of rocks which have not suffered a complete argil- 
zation biotite has been found, but then the patterns of chlorite are also 
lways found. This makes it probable that on the argillization of these rocks 
iotite was first changed into chlorite, and that this chlorite changed into 
ither montmorillonite or kaolinite (cf. P. LyuNccrREN, 1955 b). In most cases, 
owever, a complete argillization has taken place, and in these specimens no 
-aces of the patterns of either biotite or chlorite can be detected. 


Discussion of the alterations 


The cause of the formation of the soft iron ores of Vermlands Taberg has 
een discussed by P. Grtyer and N. H. Macnusson (1926). ‘They stated that a 
iperficial weathering has taken place, caused by downward-moving meteoric 
lutions (p. 52). It is shown in the present paper that the alterations included 
change of magnetite into goethite via hematite, and a change of the silicate 
inerals of the skarn and of the adjacent rocks inte antigorite and montmorillo- 
ite together with a little kaolinite. 

It is difficult to state anything definite about the chemical changes connected 
ith these alterations. During the last few years complete chemical analyses 
ave been carried out upon the unaltered iron ores and the soft iron ores, cf. 


able III. However, the analyses of the unaltered iron ores have been carried 


it upon crushed and concentrated ore, which however, has been impossible in 


68 PONTUS LJUNGGREN [Jan —Febr. 195 


the case of the soft iron ores. This makes a direct comparison difficult. There 
fore chemical analyses of unaltered iron ore, not crushed or concentrated, hav; 
been inserted in Table III as a complement to the analyses of the concentratet 
ores. 

The most remarkable difference between the unaltered iron ore and the sof 
iron ore from chemical point of view is the oxidation from Fe~*? to Fe** 
The soft iron ores have been enriched in AlsO3, Fe2O3, and P2O;, wherea 
the percentages of FeO, CaO, MgO, and S have decreased. It is probable tha 
the comparison between the analyses of the soft iron ores and the unalterec 
and unconcentrated iron ore gives a rather good view of the chemical change 
connected with the goethitization and the argillization. 

The superficial weathering of the iron ores and the adjacent bedrock did no 
mean any removal of the iron but just an oxidation, first of FegO, into Fe2O. 
(marthitization), and then a formation of goethite, a-FeO(OH), from the 
Fe,O3 just formed. As to the other elements a considerable removal of both CaC 
and MgO has taken place. Differential thermal analyses and X-ray analyse: 
have shown that the magnesia-dominated skarn minerals have changed intc 
antigorite, the composition of which is Mg¢{(OH)s/SisO10], thus having abou 
44 % MeO. The primary skarn minerals are according to N. H. Macnusson 
(1929) of tremolitic type, the ratio MgO/CaO being about 3/1. This makes the 
approximate content of MgO of the unaltered skarn minerals 25 %. It is thu: 
quite evident, contrary to what happened with the iron ores, that a relative 
enrichment of MgO has taken place at the alteration of the skarn into antigorite 

In the chemical analyses of the soft iron ores given in Table III not only the 
soft iron ore itself and accompanying argillized skarn are included but alse 
adjacent argillized leptites and amphibolites. The comparatively low content: 
of MgO and CaO of these rocks have contributed to the low percentages ot 
these oxides in the chemical analyses of the soft iron ores, as the ore dressing 
of the soft iron ore is a far more difficult process than is the case with the 
unaltered ore. 

As to those leptites and amphibolites which have suffered argillization very 
intense chemical transformations have taken place. The original compositior 
of the leptites is potash feldspar, plagioclase, and quartz, the ratio between the 
feldspars varying from potassium-dominated to sodium-dominated types. Some oj 
these rocks are very poor in dark-coloured minerals, others form intermediarie 
to amphibolites. Amongst the dark-coloured minerals both phyllo-silicates anc 
ino-silicates are found. The change of these minerals into montmorillonite, anc 
in some cases kaolinite, means a more complete change in chemical composition 
Such a formation of montmorillonite from feldspars is described by R. Sates anc 
C. Meyers (1948) from Butte in Montana. They also found the formation o 
chlorite to be the usual initial stage of the break-down of the hornblende anc 
the biotite (cf. P. Lyunccren, 1955 b). Furthermore, they could show that there 
is a removal of lime, soda, and silica on the argillization. The very low frequency 
of kaolinite in Vermlands Taberg is probably due to an incomplete removal 0 
the solutions which carried the dissolved elements from the zone of weathering 
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is is also evident from the enrichment of Fe.O3 in the soft iron ores. If the 
ossibilities of removing the elements had been better, a removal of the iron 
1ad probably taken place, which, however, was not the case. 

Grim (1953, p. 342) points to the fact that a weathering of rocks “under con- 
litions which, because of poor drainage or low rainfall, permit the magnesium 
© remain in the weathering zone after it is released by the breakdown of the 
arent minerals, montmorillonite will be the alteration product”. In Vermlands 
Paberg the features of the deep, cup-shaped body of soft iron ore and argillized 
ocks favour the opinion that the removal of the elements liberated during the 
veathering was incomplete — with a greater removal kaolinite could have been 
ormed instead of montmorillonite. The appearance of kaolinite in some of 
he partly goethitized iron ores indicates places of a somewhat greater permea- 
lity to solutions. It is possible that a presence of montmorillonite in such large 
yodies of argillized rocks strongly prevents further removal of elements during 
sontinued favourable conditions of weathering. Grim mentions (1953, p. 342) 
hat montmorillonite is often an intermediate stage in the weathering from solid 
ocks to kaolinite, but that the alteration sometimes stops at montmorillonite 
when the conditions are not favourable to further removal of the elements 
leased. Such a cover of argillized rocks dominated by montmorillonite is 
most impermeable to solutions and it has, in Vermlands Taberg, effectively 
revented further alterations except the formation of some secondary veins 
somposed of calcite, agate, quartz, etc. These veins have probably arisen 
hrough smaller movements within the argillized rock masses, releasing solutions 
arrying CaCQOs, SiOz, etc. 

As mentioned by Getyer and Macnusson (1926), it is quite evident that the 
veathering, leading to such a large body of soft iron ores and argillized rocks 
is in Vermlands Taberg, has taken place in Preglacial time. In one of the soft 
ron ores of Central Sweden (Mossgruvan) large quantities of siderite have been 
ound. This siderite is considered to have arisen through a metasomatic trans- 
ormation of pre-existing limestones and dolomites, iron-carbonate-rich solutions 
aving penetrated downwards from higher levels. This means that these solutions 
lave arisen through decomposition of the iron ore minerals and iron-bearing 
ilicate minerals near to the former surface of the bedrock. Siderite is easily 
ransformed into goethite, and Getyer and Macnusson consider that a large 
art of the goethite present in the soft iron ores has been formed from siderite. 
Joncerning the soft iron ore of Vermlands Taberg, however, only traces of 
iderite have been found (op.cit., p. 38), and here the formation of goethite 
annot have been caused by a transformation of pre-existing siderite but through 
direct alteration of magnetite and/or hematite. The primary ore of Moss- 
ruvan was rich in limestone and dolomite, which gave rise to large quantities 
f siderite, contrary to the iron ores of Vermlands Taberg, which are not at 
ll associated with such rocks to the same degree. This difference between the 
wo iron ores might explain the differences in the mineralogical composition of 


he soft iron ores of respective mines. 
The bedrock in these parts of Sweden is covered by a more or less thick layer 


70 PONTUS LJUNGGREN [Jan.—Febr. 195 


of glacial till and this makes it impossible at present to state if such deeph 
weathered parts of the bedrock are common or not. Intense undergrounc 
workings for hydroelectric power plants, air-raid shelters, etc., have revealec 
that the frequency of clay-mineralized fault zones in the bedrock is high 
However, it is doubtful whether any connexion exists between these two feature 
of the argillization of the Swedish bedrocks. 
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Danske jordartsproblemer i geotekniken' 
Av 


ELLeEN-Loutse MERTZ” 


At rejse over sundet for at holde et geolog-geoteknisk foredrag 1 Sverige, 
vilde jo vere at bere ugler til Athen, men maaske kan det have interesse for 
medlemmerne af denne forening at hore lidt om, hvorledes de danske jordarter 
opforer sig som byggegrund. Naar undtages Bornholm, som det vilde fore for 
vidt at medtage i denne redegorelse, saa har Danmark jo ingen geotekniske 
problemer, der knytter sig til virkelig bjerggrund, men derfor er vore geologiske 
forhold alligevel ikke saa lige til geoteknisk set, hvilket turde fremgaa af det 
folgende. 

Den zldste aflejring, som kommer paa tale ved geotekniske opgaver, er 
kalk- og kridtundergrunden, som f. eks. omkring Kobenhavn ligger saa hojt, 
at man naar ned til den ved de fleste storre funderinger. I de allerfleste til- 
{eelde er man tilfreds med kalkens bzereevne, men hist og her steder man paa 
uherdnede kalkpartier, som f. eks. ved tunnelbygning kan vere til stort besvzer. 

Paa Vestfyn og i Jylland er det overvejende de gamle tertizre jordarter, 
man moder som undergrund for istidsaflejringerne. Saaledes er Lillebzltsbroen 
i sin fulde langde funderet i det celdre tertizere lillebzltsler (**plastisk ler’’) 
som endnu den dag i dag snart 30 aar efter broens bygning stadig giver an- 
ledning til szetninger, til alt held ganske i overensstemmelse med, hvad man 
havde ventet. 

Hvis man har sikkerhed for virkelig at have naaet selve den faststaaende 
undergrund hvad enten den bestaar af kalk eller plastisk ler, saa er opgaven 
sjeldent saa indviklet geoteknisk set, veerre er det, at man i selve istidsaflej- 
ringerne kan finde flager af denne dybgrund af storrelse fra et knappenaals- 
hoved til de megtige kridtflager, der danner kridtklinterne paa Moen, og at 
man derfor i mange tilfeelde ikke har fuld sikkerhed for, hvad der ligger under 
den kalk eller det plastiske ler, som man moder i sine boringer. Ved de fynske 
ver har man saaledes truffet flager af “plastisk ler’ paa ikke mindre end 
25 m meegtighed, og kun da man ved enkelte boringer gik endnu dybere ned i 
det faste blanke lillebzltsler, opdagede man, at det var underlejret af ganske 
alminderligt morzeneler. 

Den hyppigst forekomne geotekniske byggegrund er morzeneleret, men dette 
begreb kan kun geologisk kaldes en enhed, thi jordartsmessigt rummer det 
enhver nuance fra sandet, stenet ler med c:a 20 % kolloidal lersubstans til 


* Autoreferat av foredrag, hallet i Svenska féreningen fr lerforskning den 10 maj 1957. 
2 Ordrup, Jagtvei 44 a, Charlottenlund 
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okalmorener af plastisk ler eller andre fede lerarter med meget ringe indhold 
af sand, sten og grus og overordentlig stort indhold af kolloidal lersubstans. 
For at skonne over de setninger, der vil fremkomme paa grund af det paa- 
enkte bygverk maa moreneleret derfor af geologen — oftest dog kun skons- 
nzessigt — beskrives meget grundligt. Ligeledes har det stor geoteknisk inte- 
‘esse at faa afgjort, om morznen er lerholdig nok til at kunne kaldes en lerart 
(en kohzsionsjord) eller om den maaske bor kaldes leret moranesand (frik- 
ionsjord), og netop denne grense er det yderst vanskelig at definere, hvorfor 
man i tvivlstilfalde maa regne med det for beregningen ugunstigste. 

De jordmasser, som indlandsisen har opsamlet paa sin ve] gennem Skan- 
dinavien, maatte naturligvis blive regellost placeret her i Danmark, men hvad 
oxraen har opplojet fra den danske undergrund, folger derimod visse geogra- 
fiske hovedlinier, som har geoteknisk interesse: Hvis man f. eks. havde 3 mo- 
enelersprover med nojaktig samme kornkurve! fra henholdsvis Qstjylland, 
Sydvestsjzlland og Lolland, saa vilde morzneleret fra Ostjylland have hojere 
imhedstal, og — ved samme hallfasthet — hojere vandprocent end proven fra 
Sydvestsjzlland, der igen vil have hojere cifre end proven fra Lolland; dette 
beror paa, at det jydske morenelers kolloidale ler er hentet fra det tertizre 
plastiske ler, der er overordentlig finkornet, medens den lollandske proves ind- 
nold af kolloidalt materiale i nogen grad bestaar af skrivekridtslam, som ikke 
dar samme vandbindende egenskaber som lersubstans. 

Med nedisningerne fulgte jo ogsaa smeltevand, der har aflejret store mang- 

der af sedimenter ler, mjala, mo og sand i Danmark. 
' Hvis disse lagdelte, velsorterede aflejringer er afsat under selve istiden, er 
Je ofte paany blevet overskredet af indlandsisen og konsolideret under dennes 
tyk, hvorimed de senglaciale smeltevandsaflejringer ikke har veret vesentlig 
selastet. Det er for Geotekniken derfor af stor vigtighed at holde de glaciale 
»9¢ de senglaciale smeltevandssedimenter adskilt, et onske, der kun med vanske- 
ighed lader sig geologisk opfylde, hvis man ikke kan paavise en morzne over 
aget. (Her vil jeg gerne indskyde den bemerkning, at en af vore senglaciale 
flejringer: det senglaciale ishavsler i Vendsyssel, Yoldialeret, har vist sig i 
yesiddelse af en styrke, som er vanskelig at forklare, maaske kan en af vore 
colleger i nabolandene komme os til! hjalp med dette problem.) 

I den senere del af senglacialtiden, naaede smeltevandet fra den vigende 
srand selvsagt ikke Danmark; vort land henlaa med sparsomt vegetations- 
lekke, daekket af lose ofte lidet konsoliderede jordarter, samt med rig vand- 
ering i aaer og bekke, og disse vandlob medf¢rte store slammzngder fra 
\ojdedragene ned til lavningerne, der blev fyldt med loslejret ofte finkornet 
materiale, i seerdeleshed mo og mijala. Disse saakaldte “senglaciale nedskyls- 
edimenter” er geoteknisk set til stort besvar, thi de yder en ringe byggegrund, 
de er vanskelige at erkende i terrenet, hvor de ofte netop sia med vankee til 
t udjevne relieffet. Mellem to boringer paa hvert sit lille *bakkedrag” kan 
ler derfor meget vel skjule sig et lille bassin med blodt nedskylsler OS SsaNe 
Javnlig N@-Sjzlland er fyldt med saadanne skjulte bassiner. 


Den fineste fraktion vi finder ved vor slemning har korngrensen 0.6 4. 
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Endnu mere uonsket, men langt lettere at erkende er de unge dyndrige 
postglaciale mose- og soaflejringer, som ofte netop er opstaaet i den sidste lille 
skaal i et af de nevnte slamfyldte senglaciale bassiner, og som i saa fald er om- 
givet af nedskylsmaterialet. Den tendens, der i ojeblikket raader indenfor ad- 
skillige boligselskabers mindre kolonibyggeri, til at anbringe boligerne omkring 
en smuk lille so, giver derfor mange geotekniske vanskeligheder, og kraver 
serlig omhu m. h. t. at fastlaegge bassinets virkelige, bzredygtige kystomraade. 
som maa sgges et godt stykke indenfor den nuverende kystkontur. 

Desveerre er forholdet dette, at jo smukkere et landskab er, jo flere lav- 
ninger, moser, soer det rummer, jo ringere er dets jordbund som byggegrund. 
et problem der dog heldigvis kun rammer boligbyggeriet, hvor kravene ti 
grundens bzereevne ikke er saa store som ved andre geotekniske opgaver (in- 
dustrielle virksomheder, bro- og havnebygning o. s. v.). 

Foruden de indlandske moseproblemer giver de postglaciale aflejringer je 
ogsaa i Danmark saavel som i vore nabolande problemet med de havede ma- 
rine fjord- og kystaflejringer, der blandt andet rammer en by som Aalborg 
foleligt, idet det meste af byen maa funderes paa den gamle, ofte dyndrige 
stenalderhavbund. Ogsaa Kobenhavn har sin stenalderkystlinie krydsende gen- 
nem den indre by op til over 3 m koten, mere eller mindre tilsloret af de 
gamle bydeles megtige fyldlag. 

Og her kommer vi saa til slut til en aflejring, der er saa ugeologisk, at jeg 
maa bede om undskyldning for overhovedet at nevne den, men som geotek- 
nisk giver anledning til mange bekymringer: Fyldlaget, der navnlig i vore 
gamle byer, som sagt ikke mindst i Kobenhavn, udvisker ethvert spor af det 
oprindelige landskabelige relief: Ler- og sandgrave er tilkastet, bryggeribronde 
er opfyldt, faestningsverker er forst bygget, siden udjevnet, strandenge er ble- 
vet fylddekket, bakker blevet afgravet, og jorden fra sidstnevne anbragt paa 
gamle mosedrag. Aingstelsen for ikke at vere naaet gennem fyldlaget for. 
folger ustandsenlig geoteknikeren, maaske allermest, naar man finder over: 
raskende “ren” overjord i en gammel by, og mange timer gaar med at studere 
gamle kort o. |. for at lere lokalitetens historie at kende. Opgaven er ugeolo- 
gisk, men man hjelper dog, hvis man kan. I det hele taget prover danske 
geologer at vere teknikerne til stotte, baade naar opgaven har geologisk vzerdi 
og naar denne kun er ringe. 

“Danmarks geologiske undersogelses” ledelse har gennem mange aar haf 
et klart blk for den store betydning det geologisk-tekniske samarbejde hat 
saavel for begge parter som for samfundets ekonomi, og man har fra D. G. U.’ 
side sat meget ind paa at faa et godt samarbejde i stand. Med ’Danske Stats: 
baner’, Kobenhavns kommune og Geoteknisk institut har dette arbejde faae 
form af fast, daglig geologisk assistance ved samtlige geotekniske opgaver 
medens det med andre institutioner og private firmaer foregaar efter de 
foreliggende behov. Rammerne for samarbejdet kan vere noget vekslende 
men hovedlinien er altid den samme: D. G. U. yder geologisk assistance o¢ 
faar til gengeld alle de geologiske og jordartsmessige oplysninger, som mar 
maatte onske. Alene fra Geoteknisk institut modtager D. G. U. saaledes f, eks 
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11957 oplysninger om c:a 10 000 jordprover, fordelt paa c:a 20 opgaver, hvor- 
af mange rummer dybe boringer med yderst interessante geologiske lagfolger, 
andre kun oplysninger af mindre interesse. i, 

Det gaar ofte saaledes, at teknikerne i begyndelsen finder. geologerne uaf- 
rystelige, derefter ret anvendelige, for til slut at opdage, at vi er begge dele. 


Hoéstmo6tet 1957 


Svenska féreningens for lerforskning héstméte 1957 hélls den 9 december i IVA:s 
lokaler i Stockholm. 

Statsgeolog E. Mohrén upplaste revisionsberittelsen for verksamhetsiret 1956—57 
och styrelsen beviljades pa forslag av revisorerna full ansvarsfrihet. Arsavgiften for det 
nya verksamhetsaret faststalldes till kr 10:— fdr enskilda medlemmar och kr 200: — 
for korporativa medlemmar. 

Styrelsen fick den sammansiattning som meddelats pa forsta sidan. Till revisorer 
omvaldes laborator K.-I. Skarblom och statsgeolog E. Mohrén med lektor L. Silfver- 
berg som suppleant. 

Foredrag hélls av Prof. Dr H. E. Schwiete, Institut fiir Gesteinshiittenkunde, Rhein.- 
Westf. Tech. Hochschule, Aachen, »Uber die Tonminerale in Ziegeltonen und ihr Ver- 
halten beim Brennen». I den efterfoljande diskussionen yttrade sig hrr Assarsson, En- 
berg och foredragshallaren. Ett autoreferat av féredraget kommer att inf6ras i f6r- 
eningens Medd. Nr 10. 

Civiling. S. Odenstad, Statens Geotekniska Institut, h6ll foredrag 6ver »Skredet i 
Gita». I diskussionen yttrade sig hrr Jarnefors, Fellenius, Schiller, Sodderblom, Hell- 
man och foredragshallaren. Ett sammandrag av foredraget foljer nedan. 

Efter gemensam lunch pa Tattersall, varunder ordf. framforde foreningens tack till 
avgaende styrelseledamoten A. Grudemo, holl kand. R. Soderblom, Statens Geotekniska 
Institut, foredrag 6ver »Saltsondens (elektriska ledningsférmagans) anvandning vid de 
geotekniska undersékningarna i Géta». I diskussionen yttrade sig hrr Peterson, Jarne- 
fors, Fellenius, Odenstad, Caldenius och féredragshallaren. Ett autoreferat av foredra- 
get atergives nedan. 

Fil. lic. B. Jarnefors, Sveriges Geologiska Undersékning, h6ll foredrag éver »Skredet 
i Gota. Skredomridets geologiy. Docent S. Landergren, Sveriges Geologiska Under- 
sokning, héll féredrag 6ver »Fordelningen av bor pa olika kornstorleksklasser i marina 
sediment». I diskussionen yttrade sig hr Asklund och féredragshallaren. Autoreferat av 


foredragen atergivas nedan. Lae 
Sammantradet, till vilket medlemmarna i Svenska Geotekniska Foreningen hade in- 


bjudits, hade samlat ett 70-tal deltagare. 
Sekr. 
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Jordskredet i Géta den 7 juni 1957' 
Av 


STEN ODENSTAD- 


Summary 


On the 7th of June, 1957, a large landslide occurred at Géta, on the left bank of 
the river Gota iilv in the west of Sweden. The landslide is the largest one that has. 
occurred in Sweden in modern time. The area of the landslide has a length of 1 1/2 
km along the river and a width of up to 250 m when measured from the original 
river bank. The river bank was displaced up to 60 or 70 m towards the river and the 
ground sunk up to 7 or 8 m within the slide area. 

Large portions of the yard and the buildings of the pulp-mill »Gota Sulfitfabrik» 
were destroyed by the slip. Fortunately, only three men were killed of the 200 working 
within the factory area. Besides the destruction of the factory the Trollhatte Canal 
was blocked up. 

Before the landslide the ground beside the river was situated 7 or 8 m above the 
water table. Before the slide the depth of the river seems to have been 10 or 12 m. 
The soil stratum essentially is composed of clay resting on gravel or rock. Along the 
bank the thickness of the clay layer varies between 20 and 50 m. 

In the morning of June 7th it was reported to the board of the factory that a ground 
fissure had appeared on the river bank in the downstream part of the yard. The fissure 
(line b in Fig. 1) was narrow, 130 m long, and situated 20 or 30 m from the river; 
its ends curved against the river. At first the fissure widened only slowly, during the 
first hour only some millimetres. No other fissures could be detected in the adjacent 
parts of the yard. Gradually the speed of the widening of the fissure increased and 
after 3 hours, at 117° a.m., the initial slide occurred. The slide movement then spread 
rapidly along the river in upstream direction and also in direction from the river. In 
the river a large wave arose which moved in upstream direction. When the wave 
reached two vessels sailing upstream the slide the height of it was estimated by the 
crews to be 5 m, respectively 6 or 8 m. It is assumed that the slide movement propa- 
gated along the river with the same speed as that of the wave. In this way the wave 
was gradually enlarged by the propagating compression of the river section. It is as- 
sumed that the slide development along the river was furthered by the wave-trough 
that probably followed after the wave-ridge. 

According to stability computations using circular-cylindrical slip surfaces and cone 
and vane test values the factor of safety in a section through the initial slide is ac- 
ceptable (Fig. 6). Therefore it is assumed that the first movement did not take place 
along such a circular slip surface. Artesian water has been found in layers in or below 
the clay in boreholes close to the initial slide. It is therefore assumed that a permeable 
layer of sand or gravel was present at the bottom of the clay layer which carried high 
ground water pressure and extended below the river. The real equilibrium therefore 
was more labile than that shown by this computations. Other unfavorable circumstances 
may have been erosion in the river bottom and decreasing strength of the clay, the 
latter caused by sulphur lye which appears in the ground water in several boreholes. 


1 Sammandrag av foredrag, hallet i Svenska féreningen for lerforskning d 
* Statens Geotekniska Institut, Stockholm. : cama Made OT 
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Géta, som Ar ett litet samhalle i anslutning till Gota sulfitfabrik, ligger vid 
Géta alv 5 mil norr om Goteborg och 3 km séder om Lilla Edet. Det jord- 
skred, som skedde dar den 7 juni 1957 kl 11.25, var det vidstracktaste, som 1 
modern tid intraffat i Sverige. En stor del av sjalva fabriksomradet, hela ved- 
garden och Akern pa en 500 m lang stracka norr dérom gled ut 1 4lven, se 
fig. 1. Skredet kom darmed att omfatta en 1.5 km lang stracka utmed 4lven; 
skredomradets stérsta bredd, matt vid sidan av alven i dennas ursprungliga 
lage, ar 250 m. Alven, som forut var omkring 120 m bred, fértrangdes kraftigt, 
dock utan att bli fullstandigt igentappt, i det att strandbrinken forskéts intill 
60 4 70 m ut i dlven samtidigt med att botten i denna lyftes. I alven uppstod 
en kraftig vag, som gick uppstréms. Pa tva fartyg, som upphunnos av vagen da 
de befunno sig pa nordgaende norr om skredomradet, uppskattades vaghéjden 
till 5, resp. 6 4 8 m. Vagen vandrade vidare norrut tills den slog emot kraftsta- 
tionsanlageningen och slussporten i Lilla Edet ca 2.5 km uppstréms om skred- 
omradets norra ande. Vid slussen var vagen 3.5 m hég. Efter 2 4 3 minuter 
kom vid slussen ytterligare en vag, som dock var nagot lagre. Det kan for- 
modas, att den andra vagen vid slussen var en reflexvag fran bassangen nedan- 
for kraftstationsanlagegningen. Efter dessa vagor stod vattnet vid slussen ganska 
lange pa hégre niva an f6rut och sjénk endast langsamt; efter en halvtimme 
var vattenstandshéjningen enligt den sjalvregistrerande pegeln fortfarande 60 
cm. 
Skredet bérjade vid alven langst i sdder pa fabriksomradet. Av de olika 
dgonvittnesskildringarna framgar att det mycket hastigt utvecklade sig norrut. 
Man tar nog inte miste om man antager att skredet utvecklade sig at norr 
med samma fart som vagens. Vagen hade da drivits alltmer i héjden genom 
att alvvattnet pressats norrut da Alvsektionens fértrangning successivt vandrat 
norrut. Den successiva skredutlésningen langs med alven har mahanda beford- 
rats av vattenstandsminskningen i alven i den vagdal, som kan formodas ha 
foljt omedelbart efter det f6rut omtalade vagberget. Den bestaende vatten- 
standshéjningen vid slussen i Lilla Edet, efter det att vagen ankommit dit, 
forklaras da med att vattnet i alven framfor skredomradet pressats uppstréms 
at till ovanf6r skredomradet. Med denna beskrivning av skredutvecklingen 
overensstammer aven det forhallandet att nagon vag, liknande den nordgaende, 
icke synes ha vandrat nedf6r alven. 

Markligt ar att den stora vagen orsakade endast materiella skador utmed 
stranderna. 

Framfor fabriksomradet synes vattendjupet i alvens djupfara ha varit 10 a 
12 m. Alvbotten héjde sig sakta in mot stranden och dar steg marken i en 
brant strandbrink till 7.5 m éver medelvattenytan. In mot land héjde sig 
marken pa fabriksomradet mycket sakta till 9 m dver medelvattenytan vid 


Fig. 2. Flygfoto over fabriksomradet efter skredet. I férgrunden, fran mitten, och at ho- 
ger, platsen for initialskredet. Bilden godkand fér publicering av Férsvarsstaben. Foto 
AB Géoteborgsbild. 

Aerial photo of the Gota factory yard after the slide. The locality of the initial slide is 
situated in the right part of the foreground. 
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skredkantens inre del pa avstandet 250 m fran dlven. P& vedgarden och pa 
faltet norr darom lag marken ungefar i jamnhéjd med marken pa fabriks- 
omradet. I séder avgransas fabriksomradet av en djup backravin. 

Jordlagerféljden ar i allmanhet lera pa grus eller berg. I alvstranden fram- 
for fabriksomradet nar leran ned till djupet 20 4 30 m under vattenytan; det 
storsta borrade lerdjupet har erhAallits langre norrut och uppgar till drygt 
45 m. In mot land héjer sig lerlagrets underyta, mer eller mindre kraftigt 1 
lika sektioner. Vid blandningskaret mitt bland fabriksbyggnaderna ligger 
sruslagret sa hégt, att grundplintarna kunnat stallas direkt i gruset. Dar skred- 
omradet ar som bredast pa fabriksomradet, sektion C pa fig. 1, befinner sig 
lerlagrets underyta vid skredkanten fortfarande pa djupet 12 a 16 m under 
ilvens vattenyta; darinnanfér fortsatter ett falt med ett lerlager av betydande 
maktighet langt in i riktning fran alven. Aven i riktning ut mot dlven fran 
stranden stiger fasta botten atminstone utanfér en del av fabriksomradet och 
24 motsatta stranden gar berget har och var i dagen. I stort sett tycks en djup- 
fara i berggrunden félja strandlinjen utmed fabriksomrAdet. 

Den forsta sprickan observerades och meddelades till fabriksledningen pa 
skreddagens morgon. Den var da endast millimetervid. Den var 130 m lang, 
lag 20 a 30 m fran stranden och bdjde i andarna av mot stranden. Omradet 
mnanfor sprickan och narmast darutomkring utrymdes och avsparrades och 
Yrollhatte kanalverk underrattades. Batarna vid bryggorna framfor fabriken 
fingo avgangsorder och slussen vid Lilla Edet vattenfylldes for att slussporten 
skulle sakras mot den vag, som kunde tankas na dit nar det av sprickan vars- 
ade skredet gick. Sprickan vidgades i bérjan endast mycket langsamt, den 
‘orsta timmen med endast nagon eller nagra millimeter. Angransande del av 
fabriksomradet undersodktes hela tiden mycket noggrant utan att man dar kunde 
finna nagon spricka. Mot slutet vidgade sig sprickan med 6kad hastighet 
ch efter 3 timmar, kl 11.25, gick skredet ut. Omedelbart darefter grep skredet 
mmkring sig till angransande markomraden och de personer, som voro férsam- 
ade vid sprickan for att 4skada den vantade och, som man férmodade, lokala 
itglidningen i dlven, maste springande radda sig undan det sig snabbt ut- 
yecklande storskredet. 

Ogonvittnena till skredet ha, sasom naturligt ar, endast sett styckevis vad 
om hant, men iakttagelserna sammanlagda visa, att skredet utvecklat sig suc- 
essivt saval langs med stranden som fran stranden mot land. De utglidande 
ts ania al lll AN dl id i ae ena A 
‘ig. 3. Flygfoto éver skredomradets norra del, sedd nedstréms at fran skredets upp- 
tromsande. Till vanster den blottade skredbottnen, liggande i lutningen 1: 7. Den Ijusa 
angsmala ytan till hoger ar en vattensamling i ett i skredmassorna bildat lagparti; 
medelbart till vanster darom synes stukningszonen mellan de tva stora jordstycken, 


ilka som i stort sett sammanhangande stycken ha glidit ut vart och ett for sig. Bilden 
godkand for publicering av Forsvarsstaben. Foto AB Géteborgsbild. 


L hoto of the northern part of the slide area, facing downstream. The exposed 
Bi bettors ci d in Fig. a sloping 1:7, is seen to the left. The light-coloured 
engthened area to the right represents water in a low situated area formed in the slide. 
mmediately to the left of this area the compressed ground strip (e in Fig. 1) can us 
cen, which was compressed between the two large soil pieces (cf. Fig. 1) which sh 

: separately one after another. 
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strandbrinksstrackorna ha successivt dragit med sig den uppstréms at liggande 
grannstrackan och samtidigt har markomradet bakom redan utglidna strand- 
strackor glidit ut i skolla efter skolla. 

Det ar markligt att endast 3 personer omkommo i skredet bland de 200, 
som befunno sig pa omradet. 

Stérsta mattet pa markytans sjunkning ar 7 4 8 m. Markytans sidof6rskjut- 
ning, vilken ar riktad ut mot 4lven, uppgar pa fabriksomradets centrala del 
till 30 4 40 m och nar vid 4lvstranden storleken 60 m eller mer. 

Enar detaljerna i den vertikala fotobild fran luften, vilken sasom underlag 
till en fotokarta dver skredomradet togs nagra dagar efter skredet, att ga 
forlorade vid en vanlig och starkt forminskad reproduktion 1 tryck, aterges 
skredomradet sasom tuschteckning i fig. 1, dar vdsentligheterna i markytans 
spricksystem ocksa antytts. 

Nedstroéms om sektion C urskiljas nagra bagformiga kraftiga sprickor, vilka 
fa antagas avskilja olika skredskollor. 

Langst fran alven i sektion C visar skredomradet ett mera smahackigt ut- 
seende, vilket antyder att skredskollorna har ha varit smalare. 

Mellan det langsmala angningshuset strax nedstr6ms om sektion C och 4lv- 
kréken vid Kareberget forekommer icke nagon kraftigare markspricka innan- 
for den vid alvbrinken gaende sprickan. Det f6refaller darfor vara médjligt 
att, sedan 4lvbrinken glidit ut pa strackan fran angningshuset till alvkréken, 
hela det bakomvarande vedgardsomradet 1 huvudsak har glidit ut i ett stycke 
anda upp till narheten av fastmarken. 

Norr om alvkroken vid Kareberget har markomradet glidit ut i vasentligen 
tva stora stycken, vilka avskiljas av en stukningszon och en blottad skredbot- 
ten (se fig. 1). I norra delen eller méjligen pa hela detta avsnitt har det nar- 
mast alven belagna markstycket varit initialskred i vederb6rande sektioner, 
dvs det har satt sig i rérelse utan att alvbrinken dessforinnan glidit ut. Den 
blottade skredbotten ar den glidyta 1 leran, pa vilken det langst bort fran 
alven belagna markstycket glidit ned; ytans bredd Ar stérst vid nordanden 
och uppgar dar till 50 m; den ligger i den ungefarliga lutningen 1:7 mot 
alven. 

Fig. 2 och 3 visa nagra flygbilder 6ver skredomradet. 

I fig. 4 aterges provningsresultat fran nagra provhal i den tvarsektion C 
pa fabriksomradet, vars lage angives i fig. 1. Leran ar nagot dverkonsoliderad, 
som det far antagas under inverkan av Sverlagrande och sedermera forsvunna 
jordmassor. Overkonsolideringsgraden liksom skarhallfastheten avtar i riktning 
fran alven. I narheten av Alven 4r leran inte kvick. I borrhalet pa avstandet 
200 m fran ursprungliga strandlinjen, vilket fortfarande ligger pa skredomradet 
och 40 m nedanfér skredkanten, ar lerans naturliga vattenhalt hdgre an flyt- 
gransen och dar ar leran kvick. 

I fig. 5 aterges skredbottens lage i nyssnamnda sektion C. Man far tanka 
sig, att skredrérelsen i sektionen har inletts med att forst en jordskolla invid 
alvbrinken blivit utskuren av en brottyta genom leran och satt sig i rérelse, 
varefter jorden darbakom successivt brutits ut och satts i rérelse i skolla efter 
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Fig. 5. Tvarsektion med skredbotten i sektion C (jmfr fig. 1). Skredrérelsen i sektionen 
har inletts med att en jordskolla vid alvbrinken har blivit utskuren av en brottyta ge- 
nom leran och satt sig i rérelse, varefter jorden darbakom successivt brutits ut och satts 
i rorelse i skolla efter skolla. Skollorna ha glidit pa en skredbotten, vilken ar envelopp 
till de olika skollornas separata brottytor. 

skolla. Skollorna ha glidit pa en skredbotten, vilken ar envelopp till de olika 
brottytor, efter vilka de olika skollorna utskurits. Det ar uppenbart, att om 
leran har nagon egenskap, som 4ndrar sig kontinuerligt i sidled i sektionen 
och som f6re skredet icke varierar diskontinuerligt i vertikalled, sa kommer 
egenskapen i fraga att efter skredet uppvisa en sprangvis f6randring 1 vertikal- 
led vid skredbotten. Nu har man vid de senare arens undersdkningar i Gota 
alvs dalgang funnit tva sadana matbara egenskaper hos leran. Den ena Ar lerans 
elektriska ledningsmotstand, som mates med den s. k. saltsonden, och den 
andra ar natriumjoninnehallet i leran; for dessa matningar redogéra R. S6- 
derblom och B. Jarnefors i f6ljande uppsatser i G. F. F. Skredbotten i figuren 
gar genom ett flertal med dessa metoder bestamda punkter. 

Pa jordprover, som upptagits med foliekarnborr, har pa skredbottens niva 
antraffats ett nagra fa centimeter tjockt skikt, vari leran ar betydligt ljusare 
an den omgivande mera ordinart gra leran. Det ljusa skiktet ar nedtill skarpt 
avgransat mot undervarande mérkare lera; uppat sker fargvaxlingen mera 
kontinuerligt. Medelst konen har konstaterats, att fastheten Ar minst i det ljusa 
skiktet och st6rst i det mérka lagret darunder; i ett fall ar skarhAllfastheten 
enligt konf6rsdket 2.1 t/m? i det ljusa skiktet, 3.0 t/m? darovanfér och 3.9 t/m? 
darunder. Sakerligen markerar det ljusa skiktet just skredbotten. Det kan an- 
tagas att den ljusa fargen beror pa att leran oxiderats under inverkan av 
grundvattenstr6mning i ett mahanda endast millimetertunt skikt av sand eller 
mo. Vidare kan det tankas att den kemiska férandringen hos leran invid detta 
sand- eller moskikt dar astadkommit tillracklig férsvagning i leran fér at 
skredbotten skulle komma att utvecklas utmed just det skiktet. 

Sprangen i skarhallfasthetskurvorna i fig. 5 pa de nivaer, dar skredbotter 


Bd 80. H. 1] JORDSKREDET I GOTA 83 


Nuvarande markuta 


m 
oo. 2 Sa eee aera + +10 
Mira 
St ee ee 4-10 
: 1-20 
aes bats ey PGA oie v 
a ee ai 300 = ie 
| 
| 
Porvattentryck 
oe Oy 20 40 Ven? 
am 
10 4 
20 
\\| tL Skredbotten 
% Limes 
| Soot Fast botten 
Djup under yo|___| hoes 


markytan, m 


jection C (cf. Fig. 1) showing the slide bottom. The position of the slide bottom has 
een determined by six methods, viz. electrical resistance measurements in situ, measure- 
nent of the sodium ion concentration in samples of the clay, visual examination of 
xtracted cores, shear strength measurements, pore pressure measurements, and calcula- 
tons based on the displacements of the ground surface. The slide movement in the. 
@ction started with a slip at the river bank. Then the soil behind successively was cut 
ut and brought in movement one piece after another. The soil pieces slid on a slide 
bottom beeing envelope to the rupture surfaces of the separate soil pieces. 


Jasserar, visa att nagot har hant har. Den lagre hallfastheten darovanfor, som 
arskilt tydligt framtrader i borrhalet i langdmatningen 140 m, tillskrives hall- 
asthetsnedsattning genom lerans deformation vid skredrérelsen. Ocksa kur- 
rorna f6r porvattentrycket indikera skredbotten genom Gvertryckets toppvar- 
len pa skredbottens niva. 

Slutligen har gjorts en uppskattning av horisontalforskjutningens genom- 
nittliga forandring med djupet i den utglidande massan i sektionen i fig. 5. 
yenom ett vertikalplan vilket som helst maste passera en jordmassa, vars vo- 
ym ar lika med volymen hos kaviteten i skredarret darbakom. I flera punkter 
4 markytan ar horisontalférskjutningens storlek kand och genom att gora de 
treckade ytorna lika stora, sisom visas for ett fall till vanster pa figuren, er- 
Allas de lutande linjerna pa figuren. Dessa visa slutlaget hos ursprungligen 
ertikala plan genom lerlagret, da horisontalforskjutningen antages variera 
Atlinigt med djupet. Resultatet ger ett alltigenom rimligt intryck. 

De sex olika metoderna fér bestamning av skredbottens lage ha saledes givit 
ibordes samstmmiga resultat, och det kan férmodas att skredbottens lage 
juti ett lerlager aldrig tidigare har kunnat faststillas sa tillforlithigt som nu 


jorts 1 Gota. hee: 
I fig. 6 visas en rekonstruerad tvarsektion genom initialskredet (sektion AB 
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i fig. 1). Viktsond-, provtagnings- och vingborrhalen pa land stamma fran en 
undersdkning, som gjordes pa omradet ar 1951. Viktsond- och vingborrhalet 
i alven ar resultat av borrning efter skredet i en punkt i alven 120 m ned- 
stroms skredomradets nedstrémsande. Praktiskt taget samma viktsondresultat 
foreligga fran en strax fore skredet gjord borrning i 4lven i en punkt framfor 
initialskredets uppstrémsdel. Ungefar samma vingborrvarden ha dessutom er- 
hallits vid en fore skredet gjord borrning i alven framfé6r pumpstationen ca 
100 m uppstréms om initialskredet. De pa figuren angivna borrningsresultaten 
fa darfor anses vara representativa fér initialskredomradet fore skredet. Den 
inritade cirkularcylindriska glidytan har ungefarligen det farligaste laget tor 
en sddan. Den skaér det 6vre markplanet dar den forsta sprickan lag. Den for 
jamnvikt erforderliga skarhallfastheten i leran ar 2.5 t/m? och sakerheten mot 
slantens utglidning i alven, bedémd med ledning av de skarhallfasthetsvarden, 
som erhallits med konen och vingborret, borde da vara acceptabel’. 

Initialskredet bér darfér ha gatt efter en glidyta av nagon annan form, 
Man har da att observera tva omstandigheter, namligen dels laget av fasta 
botten i sektionens fortsattning ut i alven och dels forekomsten av mer genom- 
slappliga lager av mo, sand eller grus under leran eller i dess bottenlager. Vid 
borrningarna har konstaterats, att fasta botten pa motsatta alvstranden ligger 
3 4.6 m under vattenytan och man torde kunna rakna med att fasta botten 
hdjer sig och att lerlagrets maktighet avtar i riktning fran vanster strand ut 
i alven. Vidare har anda sedan sommaren grundvatten flodat upp ur ett borr- 
hal vid vattenlinjen omedelbart nedstré6ms om skredet; det har befunnits att 
vattnet stiger upp i borrhalet fran lerans bottenlager. I nederdelen av de bada 
pa land tagna sondhalen i figuren ar markerat ett sandigt eller grusigt lager, 
som kan ha varit mera genomslappligt och grundvattenférande. Det ar darf6r 
befogat att antaga, att ett grundvattenf6rande lager gatt ut under leran i 
alven och att lerlagret i alvens botten har haft en tendens att lyftas under 
inverkan av grundvattentryck underifran. Darmed kan ett jamnviktslage med 
mycket ringa sakerhet ha férelegat sedan lange. 

Sjalva skredutlésningen kan emellertid inte garna ha Astadkommits av grund- 
vattentrycket, enar detta vid tiden for skredet i allmanhet torde ha varit tam- 
ligen lagt. Mahanda har en i alvbotten pagaende erosion bidragit till att bringa 
skredsituationen till mognad. En annan betydelsefull omstandighet, som har 
kommit i dagen vid undersdkningarna, ar den att vattnet, som stiger upp ur 
borrhalet vid vattenlinjen strax nedstréms om skredet, ar starkt férorenat av 
bl. a. sulfitlut. Grundvatten av liknande beskaffenhet kommer aven upp ur 
borrhal pa skredomradet nedanfér fabriksbyggnaderna. Sulfitluten torde in- 
filtreras i marken nagonstans bland fabriksbyggnaderna. Sulfitluten paverkar 
lerans geotekniska egenskaper, bl. a. torde den nedsatta lerans skarhallfasthet, 


1 Aven de stabilitetsberakningar, vid vilka de efter avdrag av porvattentrycket kvar- 
staende effektiva spanningarna jamféras med det av den fasta fasens kohesion och frik- 
tionsvinkel bestamda brottvillkoret for leran, — dessa berakningar ha kunnat géras fors' 
efter foredraget — ha hittills givit till resultat, att alvbrinken och dess narmaste om: 
givning borde ha varit stabil. De farligaste cirkularcylindriska glidytorna under slinter 
bhi da tamligen grunda. Att initialskredets glidyta har n&tt stort djup ar emellertid an. 
tagligt med hansyn till den valdsamma efterféljande skredutvecklingen. 
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och den synes vara en viktig faktor att ha i Atanke vid diskussion av orsaken 
till skredet, sAval i fraga om den férsta utlésningen som i fraga om skredets 
utvidgning pa angransande delar av fabriksomradet. 

Slutligen mA nAagot omnamnas en del av de praktiska arbeten, som omedel- 
bart igangsattes med anledning av skredet. 

Betraffande kanalen inriktade man sig pa att forst upptaga en smalare och 
grundare ranna for att kunna slappa ut det tonnage, som blivit instangt 1 
Vanern, och for att i Svrigt med det snaraste kunna fa i gang viss trafik. 
Rannan, som var 4.5 m djup och hade bottenbredden 25 m, féljde den gamla 
alvstrackningen och var klar efter 4 veckor, saledes i bérjan av juli. Den 
gamla farleden hade emellertid varit svarnavigabel i den starka strommen 
och den kraftiga kréken vid Kareberget. For att battre navigationsforhallan- 
den skulle 4stadkommas drogs den definitiva kanalen, med ett djup av ungefar 
7 m, pa skredomradets norra del genom lagpartiet meilan de bada stora jord- 
sjoken. Pa norra delen, dar saledes dubbel alvfara nu finnes, ar kanalens 
bottenbredd 64 m; pa sddra delen ar den 86 m. For att stabiliteten skulle 
sakras fordrades betydande avschaktningar vid sidan av kanalen. En bety- 
dande avschaktning fordrades aven pa faltet omedelbart norr om skredet enar 
markundersdékningen visade att stabilitetslaget har var synnerligen daligt. 
Raknemassigt, och med anvandande av cirkularcylindriska glidytor, var sta- 
biliteten till och med samre An pa angransande del av skredomradet trots att 
skredet slutade just har. En tankbar forklaring till denna omstandighet ar 
att den lutande skiktning, som den blottade lutande glidytan visar pa och som 
innebar en vid den cirkularcylindriska berakningen icke atkommen svaghet i 
terrangen, upph6r just vid skredets grans. Att denna f6rmodan kan vara rik- 
tig styrkes av att fasta botten, vars lutningsférhallanden torde aterspeglas av 
skiktningslutningen, ligger ungefar horisontal invid alven i tvarsektionerna nar- 
mast norr om skredet; skredet slutade m. a. o. dar lerans skiktning upphorde att 
luta. Den nya kanalen var fardig vid manadsskiftet oktober—november. Da 
hade bortmuddrats 1 000 000 m® lera och avschaktats 200 000 m‘°. 

Rasbranten pa skredomradets bredaste del pa fabriksomradet, mellan fa- 
briksbyggnaderna och cisternerna, var tamligen rérlig, sarskilt vid regn. Arte- 
siskt vatten fanns i detta terrangavsnitt och leran var dessutom kvick nedanfoér 
rasbranten och pa landsidan daérom. Farhagor forefanns for att skredrérelse 
anyo skulle ta fart dar, som skulle kunna gripa bak&t in pa lerfaltet och hota 
tre stycken flerfamiljshus. ‘Tillfredsstallande férstarkning erhélls genom att ras- 
branten avslantades till lutningen 1:10 varjamte det artesiska grundvatten- 
trycket avlastades medelst filterbrunnar enligt wellpointprincipen, vilka ned- 
sattes 1 marken. 

Panncentralen stod pa rasbranten pa upp till 10 m langa stédpalar. Risk 
forelag for att palarna skulle knackas under inverkan av trycket fran bakom- 
varande jord. For att ytterligare ras skulle férhindras, vilket var sarskilt vik- 
tigt med hansyn till panncentralens innehall, namligen en stor varmepanna 
och en dyrbar turbin, anlades i skredarret vid centralen en stédfylIning, som 


hdjer sig i terrasser mot bygenaden. Dessutom anordnades Aven hir wellpoint- 
brunnar. 
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Saltsonden och dess anvandning vid bestamning 


av skredbottnen vid Géta 
Av 
R. SODERBLOM 


Abstract: The Electrical Sounding Tool and Its Applications in the 
Determination of the Slip Surface at Géta, Western Sweden 


A new method of locating slip surfaces of landslides by means of electrical resistance 
sounding is described. The method is based on the fact that, for an undisturbed clay, 
the variation of salinity with depth (indicated approximately by the resistance curve) 
is slight and gradual. 

Very different salt distributions to this are found, however, in the Géta River Valley, 
Sweden, where numerous large landslides have occurred. Here the salinity of the clay 
is normally greatest in the vicinity of the river and diminishes as the distance from the 
river increases. When a slide occurs, however, the upper clay layers move riverwards, 
so that clay of lower salinity comes to rest above clay of higher salinity. 

The resistance curve will thus show, at the junction of the two clays of unlike sa- 
linity, a sharp step representing the slip surface. This conclusion is checked by the 
sxtraction of clay cores, which show that in this case the zone of sliding can be sub- 
divided into three parts. Underneath is a black sulphide-clay which at the slide plane 
proper changes sharply to light gray clay above which is a smooth transition to black 
sulphide-clay again. 

A preliminary description of the application of the method to the great slide at 
G6ta is also given. 


Efter det stora jordskredet i Gota vid Géta alv den 7 juni 1957 igangsattes 
Jar en undersdkning déver elektriska ledningsmotstandet (salthaltsfordelning- 
sn) in situ. Undersdkningen, som Annu ej 4r slutford, motiverades framst av 
att man ville ha reda pa om till skredet kunde ha bidragit en hallfasthetsned- 
sittning hos leran, orsakad av bl. a. salturlakning eller annan fysikalisk-kemisk 
process. Tidigare ar det kant, att en urlakning av en i saltvatten falld lera 
kan ge upphov till en reducering av hallfastheten och samtidigt till en sensi- 
HivitetsOkning (RoseNngvisT 1955). 

Undersékningen gav en del nya ron, varvid det intressantaste ur skredsyn- 
ounkt var, att man medelst saltsondering kunde lokalisera skredbotten, vilken 
snligt tidigare metoder varit svar att bestaémma. En del under senare 4r intraf- 
fade stérre svenska skred ha redovisats i Statens geotekniska instituts skrifter 
‘orande Lidan (Opsnstap 1951) och Surte (JaKosson 1952), varvid bl. a. 
edogjorts for de metoder, som anvants vid bestamningen av skredbotten, dvs. 

_férsta hand foliekaérnborrning och vingborrning. NAagon fullstandig skredbot- 
enbestamning fér berakningar har man dock ej kunnat gora i dessa fall. 

P& samma satt var det till att bérja med vid undersédkningarna i Géta. Pa 
* upptagen folieborrkarna, dar det rimligen borde finnas marken efter en 


| 
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glidzon, kunde nagon sadan ej upptackas vid inspektionen. Sedan det senare 
visat sig, att man genom tydligt markerade hack pa en in situ erhallen mot: 
standskurva fatt fram en anvisning pa zonens troliga lage, kunde man darefter | 
vid férnyad besiktning av folieborrkérnor upptacka brottzonen och dess ut- 
seende pA den av saltsonden antydda nivan. De tva metoderna komplettera 
sdlunda varandra, men saltsonden méjliggér, att man pa ett enkelt satt ge- 
nom att taga punkterna med énskad tathet systematiskt kan fa fram skred- 
botten. Det féljande kommer att behandla sjalva saltsonden och vissa under- 
sdkningar, som utférts med denna, huvudsakligast i samband med Gota- 
skredet. 


Metoder och férutsaittningar for bestamning av skredbotten 


S4som inledningsvis namnts ar det av stor vikt, att man for efterkalkyl av 
intraffade skred kan bestamma skredbottens lage. Givet ar att det vid skred 
maste upptrada en mer eller mindre markerad, ofta tunn zon av stort ma- 
terial i marken. Denna zon har tidigare mycket sadllan kunnat aterfinnas, och 
orsaken till detta skall nedan narmare diskuteras. 

De in situ-metoder som kunna tankas vara modjliga for aterfinnande av 
skredbotten aro sondering, vingborrning och iskymetrering. Sondering ar en 
alldeles for grov metod i detta sammanhang och nagon registrering av en sva- 
gare zon har ej erhallits. Vingborren ar da battre lampad och har givit posi- 
tivt resultat i en del fall. Nackdelen med instrumentet ar, att man har svarig- 
heter att gdra matningarna pa sa tata avstand, att man kan »infanga» den 
tunna glidzonen. I vissa fall visar dessutom de »naturliga» hallfasthetskurvor- 
na sa stora sprang, att svarigheter kunna uppsta vid tolkningen av vad som 
kan tankas vara glidzon. Med s. k. iskymeter (tidigare kallad insitumaskin, se 
Hvorstev 1948) kan en kontinuerlig kurva é6ver hallfastheten i marken erhal- 
las. Korda forsdk i en skredsektion visa emellertid, att man ej heller med den- 
na metod erhaller nagot sakert utslag for glidzonen. 

De ovan angivna metoderna dro salunda i de flesta fall ej lampliga for be- 
stamning av skredbotten. En metod som i jamférelse med Svriga har gett de 
basta resultaten ar undersékning av upptagna prover. Férutsattningen har dé 
varit, att man kunnat upptaga langa sammanhangande borrkarnor, vilket 
har mojliggjorts genom Statens geotekniska instituts foliekarnborr (KyELLMAN 
Katistentus och Wacer 1950). I férsta hand géres en inspektion pA karnan 
varvid i vissa fall glidzonen kunnat upptackas, medan i andra fall negative 
resultat erhallits. [ nagot fall har man upptiackt en stérd zon genom kontinuer. 
lig, mycket tat konprovning pa en upptagen karna. I det senare fallet giillz 
givetvis samma reservationer som vid vingborren vad betraffar naturliga hall 
fasthetsvariationer. PA de upptagna proverna kunna Aven andra bestamningai 
an over hallfastheten géras for att fa fram eventuella materialolikheter son 
uppstatt genom skred. En metod harvidlag ar kontinuerliga flytgransbestam 
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Fig. 1. Typiska motstandskurvor fran G6ta-alvdalen. 
Typical resistivity curves from Gota River. 


ningar, men d4ven sadana uppvisa alltfor stora naturliga variationer for att 
vara praktiska. 

Sammanfattningsvis kan betraffande ovanstaende metoder sagas, att de hit- 
tills ej gett tillfredsstallande resultat vid bestamning av skredbotten och att 
man salunda for berakningarna varit hanvisad till olika antaganden 6ver den- 
nas lage. Metoderna dro dessutom i regel omstandliga och dyrbara. 

I samband med tidigare utforda elektriska motstandsmatningar 1 marken 
i en ostérd lerprofil visade det sig, att de erhallna kurvorna voro mycket jamna 
och utan nagra tvara knyckar. Redan n4r dessa resultat erhdllos, framkasta- 
des en formodan av forutvarande avdelningschefen vid institutet, B. JAKOBsON, 
att vid ett skred dessa motstandskurvor ej borde bli jamna utan uppvisa 6ver- 
24ngar mellan material med olika motstand beroende pa att dessa skjutits 
pvanpa varandra. Undersdkningarna fér Géta-skredet visade, att sa var fallet. 


Nagot om saltférdelningen i stérda och ostérda lerprofiler 


En i saltvatten sedimenterad lera innehaller salter dels bundna till kornen, 
lels lésta i porvattnet. Ett flertal metoder finnas for att bestamma badadera. 
Av dessa dr i detta sammanhang framst porvattnets salthalt av intresse. 

Det ar valkant, att vatten av olika salthalter ej kunna sta i kontakt med 
arandra utan att en diffusion intraffar. Samma sak ager 4ven rum i en leras 
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Fig. 2. Motstandskurva fran G6ta 
o 400 & J visande skedbotten. 
Motstind Resistance curve from Géta showing 
Resisforice slide bottom. 


porvatten, och i en naturlig lera har sedan bildningen under Artusendenas 
lopp de eventuella ojamnheter, som forekommit, darfér utjamnats. Resultatet 
blir alltsa en mycket jamn motstandskurva utan tvara dvergangar (eventuella 
sandskikt ge tvara knyckar i kurvan men utan att i dvrigt paverka dess ut- 
seende). En serie sadana kurvor visas i fig. 1. 

Av samma kurvor framgar aven, att motstandet i en tvarsektion ej ar kon- 
stant utan varierar sa, att motstandet ar lagst (dvs. salthalten stérst) nara 
strandbrinken och ékar (avtar) successivt upp mot slanterna ( jfr JARNEFORS 
1957, p. 15). Vid ett skred i en dylik profil kommer material uppifran slanten 
att glida ner mot alven. Detta innebir, att lera av lagre salthalt kommer att 
lagga sig omedelbart ovanpa lera av hégre salthalt, dvs. motstandskurvan 
kommer att ge en skarp dvergang i skredbotten sdsom visas i fig. 2. Skredbot- 
ten har i detta fall kunnat kontrolleras med foliekarnborr. 
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Matmetodik och beskrivning av saltsonden 


\ Bsa rings 
i 


' Sedan det visat sig, att det existerade f6rutsattningar for skredbottenbestam- 
uingar medelst saltanalys av lerans porvatten och laboratorieférsok gett vid 
vanden, att det ar modjligt att erhalla en ungefarlig uppfattning om denna 
althalt med motstandsmatningar direkt i ett prov, utformades en apparat 
6r dylika matningar in situ, den s. k. saltsonden (SOperBLom 1957). Appara- 
ens konstruktion framgar av fig. 3 tagen ur denna skrift. Har mates motstan- 
let i marken mellan tva miassingselektroder belagna pa 2 cm avstand fran 
arandra. Detta korta avstand médjliggor mycket tata m&atningar i djupled, 
ych en kontinuerlig kurva kan darfér praktiskt taget erhallas. Vad som erhal- 
es, ar egentligen markens ledningsmotstand, vilket kan omraknas till ett 
ypproximativt varde pa lerans porvattenssalthalt. Onskas ett mera exakt var- 
le pa salthalten, far man kalibrera motstandskurvan medelst salthaltsanaly- 
er pa upptagna jordprover (SOperBLom 1957). Detta ar dock sallan nédvan- 
ligt. Hela faltutrustningen med tillhdrande miatinstrument (Wheatstones 


rygga) visas pa fig. 4. 


De praktiska matningarna i Gota 


Bland de miatningar, som gjorts med saltsonden i Gota, skola vi har koncen- 
rera oss pa dem som utforts i tva sektioner, namligen sektion AB, vilken gar 
enom initialskredet, och sektion C, vilken i stort sett gar mitt igenom det 
lutliga skredomradet (plan, se Openstap 1958, fig. 1). 
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Fig. 4. Faltutrustning for motstandsmatning. 
Field equipment for resistance measurements in situ. 


Av dessa sektioner var C-sektionen den enklaste att analysera, varfor der 
skall behandlas forst har. Sektionens utseende framgar av fig. 5, och denna 
visar ett antal punkter, som tagits med saltsonden och sedan kontrollerats mec 
hjalp av foliekarnborren. Vidare framgar, att man vid sammanbindning a\ 
de olika punkterna erhaller en skredbotten, som ar praktiskt taget en rat linje 
fram till sjalva alven. En typisk salthaltskurva fran sektion C visas pa fig. 6 

Den utf6rliga beskrivningen av skredbotten och darmed sammanhangandeé 
fragor har preliminart behandlats av OpeNnstap 1958. Ur salthaltssynpunkt 41 
att namna f6ljande. Tydliga sprang i kurvorna uppvisades i de flesta fall 
men ju langre ner mot 4lven man kom, desto mindre markerade voro dessz 
hack for att till slut helt upphéra, Atminstone med den mi&tnoggrannhet mar 
hade. Detta kan forklaras avy att salthaltsgradienten i horisontalled avtar nec 
mot Alven. Intill sjalva alven hade kurvorna daremot det omvanda férhallan 
det, dvs. lera av hogre salthalt lag ovanpa lera med lagre, se fig. 7. Vid senaré 
matningar i andra sektioner har detta med omvandningen av kurvorna veri 
fierats, och dar ha mycket tydliga dylika kurvor erhAllits. Detta strider i nagor 
man mot vad ovan sagts. Utredning harom pagar fér narvarande. 

Utseendet av en vanlig glidzon fran en karna framgar av fig. 8. Vi se, at 
den undre delen bestar av mérk sulfidlera, vilken visar en skarp dvergng til 
en oxiderad ljus zon, som forefaller att vara omrérd. Dess tjocklek ar i dett: 
fall ungefar 1 cm. Ovanfor denna zon ha vi en gradvis évergang till mérkar 
lera, vilken dock ej ar s4 m6rk som leran under glidzonen. 
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Fig. 5. Skredbotten fran C-sektionen bestiimd med hjalp av motstandsmatning (y pa 
figuren) och foliekarnborrning (A). 
Slide bottom determined in section C by means of electrical resistance measurements 
(v) and extracted samples (A). 
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Givet ar, att AB-sektionen genom initialskredet i geotekniskt avseende Ar 
den viktigaste att utforska. Tyvarr aro i denna sektion férutsadttningarna for 
ndjaktig analys med saltsonden ej uppfyllda. Det visade sig ocksa, att denna 
sektion var mycket grundare an C-sektionen. Dessutom bestar botten i AB- 
sektionen av ett grovt gruslager, vilket Ar genomstrémmat av en gulaktig 
vatska, som visat sig vara av sulfitlut starkt fororenat vatten. Det grova grus- 
lagret 1 botten har mdjliggjort en kortare grundvattenstrémning med darmed 
sammanhangande salturlakning pa ett helt annat satt an i de andra sektio- 
nerna med sina betydligt stérre djup till fast botten. 

De hittillsvarande glidyteberakningarna fér denna sektion genom gingse 
metoder ha antytt svarigheter att fA en bild av skredmekanismen (se ODENSTAD 
1958). En saltfordelningskurva fran denna sektion, fig. 9, visar tv hack, vil- 
ka mojligen kunna tydas som glidzoner (sektionen bestar har av homogen lera 
utan sandskikt). Hacken ha ej kunnat Aterfinnas i andra kurvor i sektionen. 
I botten visa kurvorna en tvar dvergang till gruset, dvs. en ganska lagohmig 
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Fig. 8. Lerkarna fran sektion C visande glidzon. 
Clay core from section C showing slip zone. 


era ligger direkt pa ett hogohmigt gruslager. Detta skulle méjligen kunna tol- 
sas som en glidning 1 gransen mellan lera och grus. Ett forsdk att verifiera 
Jetta har gjorts genom att sondera en tvarsektion mellan AB- och C-sektio- 
aerna. Undersdkningen i sektion AB pagar for narvarande och slutresultatet 
<ommer att publiceras 1 annat sammanhang. 
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Stérningar genom diffusion 


Ovannamnda metod bygger som namnts pa att tva leror med olika salt- 
halter efter skredet ligga ovanpa varandra. Undersokningarna vid Gota gjor- 
des tamligen nara efter skredet, men man kunde frukta, att det karakteris- 
tiska hacket i kurvorna efter en tid ej skulle erhallas pa grund av diffusion av 
saltet. 

Da det naturliga diffusionsférloppet ar tamligen okant i lera, gjordes ett 
par matningar i det ar 1950 intraffade skredet i Surte. Dessa undersokningar 
utfordes till att borja med tillsammans med Sveriges geologiska undersokning 
och fortsattes senare av statsgeolog B. JARNEFoRS 1958. Resultatet synes utvisa, 
att diffusionen gAr relativt langsamt och att saltsondsmetoden skulle vara an- 
vandbar ven vid tamligen gamla skred. 


Slutord 


Metoden med sondering av elektriska ledningsmotstandet i jorden har hit- 
tills visat sig ge tillfredsstallande resultat vid undersdkning av en skredbottens 
lage under forutsattning att vissa faktorer aro uppfyllda. Metoden ar dock 
annu ej att betrakta som fardig, utan kompletterande undersdkningar bora 
géras saval i Géta alv-dalen som andra delar av landet. 
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Determination of Slip Surfaces in the Landslide 


at Surte on the Gédta River! 


A Preliminary Report 
By 
BJORN JARNEFORS? 


In connection with the investigation of the landslide at Géta on the Géta 

Xiver in June 1957 some new methods were worked out for determination of 
he position of slip surfaces in slides. The methods in question are based on 
he fact that the salt content of the clay strata varies in a regular manner in 
i section across the valley. At places on the valley sides remote from the river 
he content of salt in an undisturbed clay is almost completely leached out 
or the full depth of the clay strata, but it increases markedly towards the 
iver (cf. B. JARNEFors 1957, p. 15 and 17). When a slide occurs, leached clay 
n general will be thrust over clay with a higher salt content. Thus, by measur- 
ng continuously the salt content of the clay in a vertical profile through a 
lide area, the position of the slip surface will be revealed by a sudden step in 
he salt content curve. 
» Such conditions gan be investigated by means of a sounding device, designed 
yy R. Sdperstom (1957), which determines the electrical resistance of the 
lay. This resistance corresponds approximately to the salt content in the pore 
vater of the clay. In a paper accompanying this report, this author (1958) 
rives a detailed description of the method. 

The position of a slip surface can also be found by a chemical method. 
After sampling of clay in the landslides at Géta and Surte by means of a 
ampler with metal foils (W. Kyetrman, T. Katistenrus and O. Wacer 1950) 
he content of exchangeable Na was determined by a flame-photometer (cf. S. 
STAHLBERG 1952). The curve obtained (Na in m. e./100 g) shows, in conformity 
vith the resistance curve, a steav step at the position of the slip surface. The 
hemical method supplements the electrical sounding method and seems to 
ye especially useful where the difference in salt content between the undisturbed 
ind the overthrust clay is very low. 

Fig. 1 shows two curves from a profile in the slide area at Gota (cf. S. 
YoensTap 1958, Fig. 5; Section C); the left-hand curve shows the resist- 
ince in ohm, the right-hand the Na-content in m. e./100 g. Both curves have 
. characteristic step at a depth of 14 m indicating the position of the slip 


urface. 


Summary of a lecture given to the Swedish Society for Clay Research, Stockholm, the 
9. of November, 1957. 
Geological Survey of Sweden. 
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The methods have both been used in an interesting attempt to locate the 
old slip surfaces at Surte, where a large landslide occurred in 1950. This slide 
has been described by B. JAKozsson (1952), and C. Catpentrus and R. Lunp- 
sTrOM (1956) among others, but at that time methods for the accurate loca- 
tion of slip surfaces was not available. This paper will give only a preliminary 
report as the field work is not yet completed. The mechanism of the slide will 
later be treated fully by the Swedish Geotechnical Institute and the author. 

A map showing the present topographic conditions of the slide area at 
Surte is given in Fig. 6. The numbered points on the map mark the localities 
where the position of the slip surface has been determined by means of SdpER- 
BLOM’S (op. cit.) sounding device. In a number of these points the position has 
also been checked visually and by analysis of the Na-content. 

The Surte resistance curves differ in a significant manner from those obtained 
at. Gota, as can be clearly seen by comparing the curves in Figs. 2 to 4 with 
the curve in Fig. 1. At G6ta the position of the slip surface is marked by a 
sharp step whereas at Surte the transition from clay of high resistance to that 
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of low takes place in a zone 2 m thick. The difference must be a consequence 
of the diffusion of salt ions in the pore water of the clay. As the landslide at 
Surte occurred seven years ago the average speed of the process there is about 
3 decimeters a year. 

In Figs. 2 (point 13) and 3 (point 42) the slip surface is situated at depths 
of 17 and 22 m respectively. Fig. 4 (point 11) shows in detail the resistance 
and the Na-content in a profile where the slip surface is situated at a depth of 
15 m. From a depth of 14.5 to 16.0 m the resistance decreases from 450 to 
250 ohm while the Na-content increases from a depth of 14.6 to 15.6 m from 
5 to 8 m. e./100 g. 

In a typical core from Surte the slip surface appears as a zone of disturbed 
clay some decimeters thick (Fig. 5). The clay in this zone is somewhat impreg- 
nated with iron sulfide, often visible as black flecks and bands which has been 
distorted during the slide movement. 

_ The slip surface, which in this case corresponds with the slide bottom, has, 
up to the present, been determined in most detail in the southeast part of the 
slide area where the longitudinal section B and C (at right angles to the 
river) and the cross-section D are situated (see Fi ig. 6). In section B (Fig. 7) 
the slip surface follows the firm bottom, probably in the contact between the 
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sandy bottom layer and the overlaying clay, until a position just west of point 
18 at a depth of about 25 m from where it rises fairly rapidly to a depth of 
17.5 m at point 12. 

In section C, situated 25 m to the south, the slip surface has the same 
upwards trend as we have observed in section B. At a depth of about 24 m it 
leaves the firm bottom (point 41) where this begins to steep more steeply 
towards the river. 

Between points 9 and 13 for a distance of 62.5 m in the cross-section D the 
slip surface is situated at a depth of 14 to 17 m. It then falls more rapidly to 
a depth of 31 m at point 40, situated 37.5 m north of point 13. 


Fig. 5. Slip surface appearing in a split clay-core of 38 mm diam. from Surte. 


Bd 80. H. 1] SLIP SURFACES AT SURTE 101 


At points 24 and 25 which are situated at 3.7 m above sea-level in the 
extension of section C, we find the slip surface at depths of 24 and 26 m, 
respectively, under the present ground surface. Because of the concave slip 
surface revealed in sections B and C, we must assume that this deeper surface 
belongs to another slide block, developed riverwards of cross-section D. 

In the middle part of the slide area the slip surface has been determined at 
points 32; 43, 34 and 37 in section A. At points 32 and 43 it follows the firm 
bottom at depths of 26 and 33 m, respectively. At points 34 and 37, situated 
3.8 and 3.6 m above sea-level, it lies at depths of 23 and 27 m, respectively. 

The slip surfaces proposed earlier by B. JaKosson (op. cit.) and C. Cat- 
DENIUs and R. LunpstrOm (op. cit.) show a great deviation from those obtained 
by this preliminary investigation and this will be discussed in a following paper. 


The author is indebted to Mr G. Ekman, Mr D. Liss, and Mr S. Koinberg, Stock- 
holm, for assistance in the field investigations. 
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Fig. 6. Map of the slide area at Surte at present. The numbers on the map show the 
points at which the slip surface has been located. The encircled area in the east indicates 
the probable limit of the inital slide according to C. Carpenrus and R. LunpstréM (1956). 
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On the Distribution of Boron on Different Size Classes 


in Marine Clay Sediments 
By 
StuRE LANDERGREN 


In a study on the geochemistry of boron by V. M. Gotpscumipr and Cl. 
Peters (1932) the authors pointed out that the enrichment of boron in marine 
clay sediments was due to adsorbtion from sea-water. 

The present author continued this investigation (LANDERGREN, 1945) and 
stated that there existed an obvious relationship between the content of boron 
on one hand and the salinity of the water where the sediment deposited on 
the other. It was emphasized, however, that this relationship holds only on 
the assumption that the sediment samples to be studied and compared are 
similar in composition and physical properties. 

If we are dealing with an adsorbtion phenomenon one important factor to 
be taken into account is the grain size distribution in the clay sediment since 
the active surface can vary considerably and consequently also the boron con- 
tent adsorbed. In the geochemical laboratory of the Geological Survey a study 
of the boron distribution on different size classes and of the shape of the 
adsorbtion curve is in progress. Some few data from this study will be presented 
below. 

In our investigations on the geochemistry of deep-sea sediments one of the 
sediment cores was well suited for a study on the distribution of boron. The 
core was taken during the Swedish Deep-Sea Expedition 1947—1948 from 
the Atlantic ocean (Core No. 272, Station No. 375. Position: N 29°21’ W 
58°09’). Samples were taken from different levels of the core (see Fig. 2) and 
the samples were separated into six to seven size classes: <0.006, 0.006—0.015, 
0.015—0.030, 0.030—0,060, 0.060—0.120, 0.120—0.250, 0.250—0.499 mms. The sepa- 
ration operations were performed by Dr O. Mellis with assistance of Dr K. 
Fredriksson at the Mineralogical Institute of the University of Stockholm and 
the material was kindly placed at my disposal by Dr Mellis. 

The boron content was determined spectrochemically in all size classes 
mentioned and the results are presented in the diagrams of Fig. 2 where also 
the levels from which the samples emanate are reported. The dotted histograms 
refer to the percentage content by weight of the size classes, the other histo- 
grams refer to the content of boron in ppm in the size classes analysed. 

Apart from some irregularities in the top samples (7 cm) the distribution 
of boron between 10 and 100 cms are fairly regular with increasing boron 
content by decreasing grain size, as seen from the histograms. This could be 
expected if boron is adsorbed from the sea-water. The sediment of the core 
is a normal ferruginous deep-sea clay throughout the core. A recalculation of 
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he boron content indicates that about 90 per cent by weight of the bulk 
9oron is bound to the most frequent size classes <0.006 and 0.006-—0.015 mms 
ind: the rest — about 10 per cent — is distributed on the other size classes. 

If the distribution of boron is due to adsorbtion the relationship between 
he salinity of water and the boron content of the sediment is satisfied ac- 
-ording to the so called adsorbtion isotherm: x = ac, where x is the adsorbed 
juantity, c is the content of boron in solution (sea-water), and a and # are 
-onstants significant for the system sea-water — sediment. At present we have 
yut few determinations on which the shape of the adsorbtion isotherm and 
he relationship in question could be preliminary indicated (Fig. 1). Laboratory 
xperiments are now in progress to study the adsorbtion of boron under various 
conditions. This is necessary to be able to explain the variations in the distribu- 
ion of boron in the oceans. A brief discussion of the features observed so far 
vill be discussed. 

As seen from the histograms of Fig. 2 the content of boron below 100 cms 
rom the top of the core and in the size classes <0.015 mm decreases con- 
iderably. A similar feature is observed also in a core from the Pacific Ocean. 
‘ince the sediments are fairly homogeneous in the cases studied one is quite 
aturally inclined to assume that this decrease in the boron content is due to 
. corresponding decrease in the salinity of sea-water during certain stages of 
he development. The cause, however, cannot be closely discussed until we 
now the influence of temperature, pH conditions etc. on the adsorbtion of 
oron in marine milieu. 
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Om lavabergarter pa havsbotten i Nordpolsomradet 
och om pimpsten och drivved i héjda strandvallar 
pa kusten av Nordostlandet och angransande 


delar av Vastspetsbergen 
Av 
OskKAR KULLING 


Abstract: On drift-pumice and drift-wood in raised beaches on the coast of Nordaust- 
landet and adjoining part of Spitsbergen and on volcanic rocks on the sea bottom in 
the North Pole district. 

During my stay on Nordaustlandet and adjoining part of Spitsbergen in 1931 I 
examined the stratigraphy and the tectonics of the Caledonian in those districts. Beside 
my ordinary task I made some observations on raised beaches and their faunas (Kut- 
LING 1936) and also on other quaternary problems. I forgot, however, to give an ac- 
count of the occurrence of a raised beach with abundant pumice boulders at an altitude 
of 5 m above sea level observed in the west part of Franklin valley, an east-west valley 
in the north part of Botnia peninsula. The latter protrudes to the north from the 
northwest part of Nordaustlandet. The author refers to the important discovery of J. J. 
Donner and R. G. West (1957) of two raised beaches with abundant pumice boulders 
further south on Nordaustlandet and on adjoining part of Spitsbergen and gives proof 
of the raised beach with pumices in Franklin valley to be the northern continuation of 
the upper one of the raised beaches discovered by Donner and WEstT. 

The author discusses also the drift-wood of the raised beaches and points out the 
significance of the C!4 method for dating the raised beaches with their drift wood and 
for dating the general upheaval of land in arctic districts. 

The source of the drift-wood along the coasts and in the raised beaches of the Arctic 
is the forest belt of northern Sibiria. The wood has drifted across the polar basin 
towards the Greenland sea and the Spitsbergen islands. Most investigators considet 
that the source of the drift-pumice is Iceland. However, the new-discovered submarine 
volcanic rocks on the sea floor near the North Pole may give origin to the suppositior 
that the pumices have arrived to the northern part of the Spitsbergen islands from 
northern sources, viz. sub-marine volcanoes in the northern Arctic. 


Under senare delen av november 1957 gick genom pressen (Dagens Nyhe: 
ter 21/11) ett meddelande om att ryska forskare patraffat vulkaniskt mate 
rial nara nordpolen vid ytundersdkningar av den stora undervattensbergsked 
jan Lomonosovryggen. Denna havsbottensbergskedja, som ryssarna nyliger 
upptackt och vars strackning de utforskat, gar fran norr om de nysibirisk 
oarna mot norr over Nordpolen samt fortsatter darifran till Ellesmere land p: 


den kanadensiska nordkusten, uppdelande havet kring Nordpolen i tvenne sto 
ra djuphavsbassanger. 
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Enligt den ryske forskaren Jakov GakkeEL, som star for det ovannamnda 
meddelandet, ha de vetenskapsman, som for tre Ar sedan befunno sig vid den 
pa polarisen liggande ryska vetenskapliga stationen »Nordpolen III», obser- 
verat »anmarkningsvarda» rorelser i istacket. Vid ett tillfalle hade man regist- 
rerat en kraftig »stét». Det finnes alltsA seismisk aktivitet i omrAdet kring 
Nordpolen och dessutom synbarligen ytvulkanisk verksamhet. 

Nagra dagar efter det refererade meddelandet erhéll férf. en redogorelse 
fér kvartargeologiska undersédkningar inom ett litet omrade, Bragenaset, pa 
Nordostlandets vastkust (J. J. Donner and R. G. Wesr 1957), i vilken bl. a. 
redogores fér forekomst av pimpsten i tvenne hdjda strandvallar. De bada 
forf. till arbetet anse, att pimpstensmaterialet med Golfstr6mmen kommit till 
nordéstra delen avy Spetsbergs6gruppen samt sannolikt harstammar fran Is- 
land. De flesta forskare, som sysslat med av havet uppkastade pimpstensblock 
i strandomradena kring Norra ishavet och laéngs Nordeuropas kuster, ha kom- 
mit fram till att pimpstensmaterialet harstammar fran Island (eller Jan 
Mayen). Sa har redan den svenske polarforskaren K. Cuypentus (1865), som 
1861 observerat pimpstensblock pa kusterna kring Hinlopenstredet (havsar- 
men mellan Vastspetsbergen och Nordostlandet), uttalat den uppfattningen, 
att blocken f6ljt med Golfstr6mmen fran Island. 

Det ar emellertid nagra omstandigheter, som bora ihagkommas, da man 
tar upp pimpstensblockens ursprungsorter till granskning. Dels har bevisligen 
praktiskt taget all den drivved, som kastats upp pa Spetsbergsdgruppens kus- 
ter och a4ven pa andra kuster kring Norra Ishavet, kommit 6ver Polhavet fran 
norra Sibiriens flodmynningar. Dels fortsatter det seismiska bilte, som g4r Over 
Island och Jan Mayen, mot nordligare breddgrader. Dels vet man annu gans- 
ka litet om frekvensen av ilanddriven pimpsten inom olika kustomraden av 
Spetsbergsogruppen. 

Redan sa tidigt som 1869 pavisade professor J. G. Acarpu, att den drivved, 
som kastats upp pa kusterna av Spetsbergen, harstammade fran Sibirien. Bland 
bevisen fdr att drivveden vid de arktiska kusterna verkligen fraktats 6ver Pol- 
havet fran Sibiriens flodmynningar, dit timret kommit drivande fran skogs- 
regionen i sdder, kan ett citat ur A. G. Narruorsts »Tva somrar i Norra is- 
hafvet» vara pa sin plats (1900). I del I, sid. 273, framhaller han foljande: 
»Ett sardeles rikt utbyte gaf den samling, som fran Sydvastgronland 1880 hem- 
fordes af dr N. O. Holst och som beskrifvits af jagmastaren V. T. Ortenblad. 
Hufvudmassan utgjordes af barrtrad, och bland dem var det sibiriska larktra- 
det (Larix sibirica), vilket gar langst mot norr, dominerande. Afven den si- 
biriska granen (Picia obovata) var talrikt representerad, och for ofrigt fore- 
kom sibirisk adelgran (Abies sibirica), cembratall (Pinus cembra ) samt vanlig 
tall (Pinus silvestris). Loftraden utgjordes af asp ( Populus tremula) och pil 
(Salix vitellina).» Att icke bjérkslaktet finnes representerat, beror pa att bjork- 
stammar i surt tillstand snart ga till botten. 

Ar 1881 férolyckades den franska polarexpeditionen » Jeanette» norr om de 
nysibiriska Sarna. Vrakdelar av expeditionsfartyget aterfanns pa isen vid Gron- 
lands sydvastra kust tre 4r senare. De hade alltsa drivit tvars over Polhavet. 


| 
110 OSKAR KULLING [Jan.—Febr. 195€ 


©? OSTROV = 
“ VRANGELYA SD 


Bild. 1. Isdriften tvars 6ver Polhavet exemplifierad genom driften hos fem ryska veten 
skapliga stationer placerade med olika utgangslagen pa drivisen inom ryska sektorn nor 
om Sibirien. Bilden ur TresHntkov (1956). 


Det var detta fynd, som gav F. Nansen den direkta impulsen till »Fram»-ex 
peditionen. Med sitt specialbyggda fartyg »Fram» seglade Nansen langs norré 
kusten av Sibirien, gick in i isen nordvast om Nysibiriska Garna samt lat far 
tyget, infruset 1 packisen, driva dver Polhavet. Efter att pa detta satt ha nat 
till 85°56’ kom »Fram» slutligen ut ur packisen vid Spetsbergen. 

Genom sarskilt de sista artiondenas intensiva och mycket framgangsrika rys 
ka forskningsverksamhet i Norra ishavet har ytterligare ljus kastats dver is 
driften 1 Polaromradet. En i detta hanseende upplysande bild har hamtat 
fran en redogorelse av den ryske polarforskaren A. F. TresHNrkoy, lamnad 
borjan av ar 1956 (1956). Bild no. 1 visar, hur fem stycken pa havsisen inor 
den ryska sektorn norr om Sibirien placerade vetenskapliga stationer med skil 
da utgangslagen samtliga fdrflyttat sig Sver Polarhavet i stort i riktning mc 
Grénlandshavet—Spetsbergségruppen. I sidana havsomraden, dar den driv 
vedférande polarstrémmen méter Golfstrémmen, indrages drivveden och anc 
ra driftf6remal i den senare samt kastas upp pa kuster, som sk6ljas av Goll 
strommen. 

Betraffande det seismiskt aktiva straket ver Island—Jan Mayen fortsatte 
det enligt B. Gurenserc och C. F. Ricnter (1954) mot NNO vaster om Spet: 
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bergsdgruppen, nar till ca 87° norr om Franz Josefs land samt svanger sa till 
sydostlig riktning for att i trakten av Lenaflodens mynning ga sdderut, in ver 
det nordsibiriska fastlandet. De ovanniamnda nyaste ryska forskningsrénen ha 
visat, att det seismiska baltet norr om Franz Josefs land ar bredare dn tidigare 
antagits och aven nar éver sjalva Nordpolstrakten. Det Ar allts& ej uteslutet, 
att den relativa rikedomen pa ilandkastade pimpstensblock pa Spetsbergsé- 
sruppens norra kust kan ha sin orsak i att pimpstensmaterialet kommit fran 
nagon Annu ej narmare lokaliserad undervattensvulkan inom det seismiska 
baltet norr om Sibiriens nordkust, att pimpstenen féljt samma vagar som driv- 
veden. 

Anledningen till dessa rader ar, att forf. nu, sedan forekomsten av pimp- 
stensblock inom Spetsbergségruppens norra kustzon blivit aktuell, sett igenom 
sina anteckningar fran 1931 Ars expedition till Nordostlandet och farvattnen 
daromkring. Férf. hade berggrundsundersékningarna omhand. Vid sidan av det 
egentliga programmet gjordes emellertid nagra anteckningar om kvartargeo- 
logien. Pa anmodan av expeditionsledaren Hans Ahlmann lamnades en kort 
rapport om hojda strandlinjer och deras fauna inom vastra delen av Nordost- 
landet och angransande delar av VAstspetsbergen (Kurumnc 1936). En min 
uppgift om forekomst av talrika pimpstensblock langs en strandlinje 5 m 6ver 
havet i vastra delen av Franklindalen kom ej med i rapporten. Franklindalen 
ligger inom Nordostlandets nordvastra del. Den 6vertvarar den mot norr i 
Ishavet utskjutande Botniahalvén. Det fortjanar att i detta sammanhang er- 
inras om att A. E. NorpenskiOLp under 1872—73 ars svenska polarexpedi- 
tion under ett nédtvunget uppehall pa Kap Shoal point, nordvasthérnet av 
Nordostlandet, observerade, att det fanns rikligt med pimpstensblock i och 
strax ovan havsstranden. NorDENSKIOLD omtalar, att manskapet insamlade sa 
mycket pimpstensblock, att de fyllde en mindre sack (1875). Da H. BaAck- 
sTROM (1890) langt senare héll pa med sitt arbete om ilanddrivna pimpstens- 
block och slaggstenar pa Nordeuropas kuster, meddelade Nordenskidld honom 
pa forfragan, att pimpstensmaterialet pa Kap Shoal point hade insamlats mel- 
lan havsytan och tva meters héjd (0—6 fot). 

Hur passa nu dessa Nordenskidlds och férf:s obeservationer om pimpstens- 
blockens héjdlagen med hdjdlagena for de pimpstensblock, som Donner och 
West observerat lings tvenne héjda strandlinjer inom nagot sydligare delar 
av Nordostlandet och Vastspetsbergen? 

Den Gvre av strandlinjerna gar fran ett hdjdlage av 13.8 m langst 1 sydost, 
9a Bragendset, som ligger norr om Wahlenbergsfjordens mynning pa Nordost- 
andets vastkust, ned till 3.0 m:s héjd vid Mosselbukten i nordvast pa Nieuw 
Vrieslands nordligaste del vaster om Hinlopenstredets mynning. Den undre 
simpstensforande strandlinjen har pa samma stracka sjunkit fran 6.4 till 1.5 
n:s hojd. 

D3 Donner och West ha fér f& observationer fér en isobaskarta 6ver land- 
1jningen i omradet kring Hinlopenstredet eller for ett narmare preciserande 
yv isobasernas riktning, ndja de sig med att rita upp ett strandlinjediagram, 
lar den lagre pimpstensnivaens héjdvarden placerats langs en rat linje. Det 
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visar sig da, att hdjdvardena for de hdgre belagna pimpstenarna pa de un- 
dersdkta lokalerna i stort sett Aven falla efter en rat linje, som lutar nagot kraf- 
tigare an den undre strandlinjen. 

Férf. har uppdelat det ovannamnda relationsdiagrammet i tvenne distans- 
diagram, det ena vast—éstligt, det andra SSO—NNV-ligt. Det forra gar fran 
Mosselbukten i vaster till S. Ryssén i Murchisonfjorden i dster. Det andra gar 
fran Bragendaset i SSO till S. Rysson 1 NNV. Drager man ut det senare diagram- 
mets tvenne strandlinjer mot NNV till Kap Shoal point, sa blir hojdlaget dar 
for den undre strandlinjen 2 m 6. h. och fér den évre strandlinjen mellan 2—3 
m, dvs. héjdvardet stimmer forvanansvart bra med Nordenskidlds hojd- 
varde av upp till 2 m 6. h. Fér att préva héjdvardet 5 m pa pimpstensnivan 
i Franklindalen har ett annat distansdiagram upprattats. Det gar fran Brage- 
naset i SSV till Franklindalens vastra del i NNO. Det ovan namnda vast-ost- 
diagrammets tvenne strandlinjer ha utdragits mot éster fram till det SSV- 
NNO-liga diagrammet. De framkonstruerade strandlinjevarden, som dar er- 
hallas, ha insatts i SSV—-NNO-diagrammet. Det visar sig da, att en rat linje 
genom den évre av Bragenasets pimpstensnivaer och genom motsvarande ge- 
nom konstruktion erhallna varde vaster om S. Ryssdn nar ned till 5 m:s hojd 
6. h. i Franklindalen eller det varde, som foérf. observerat darstades. 

De tvenne tillgangliga exemplen, som forf. ovan redogjort for om pimp- 
stensblockens héjdlagen pa Nordostlandets nordkust, understryka, hur varde- 
fulla Donners och Wests forskningsresultat aro for utforskandet av nivafor- 
andringarna inom Spetsbergségruppen. 

Drivveden i strandomradena kring Norra ishavet ligger icke blott inom den 
nuvarande strandzonen utan forekommer Aven pa hdgre nivaer, markerande 
hojda strandlinjer. Genom C14-metoden har ett utomordentligt nytt hjalpme- 
del erhallits att med hjalp av flytveden bestamma Aldern pa strandlinjerna 
cch salunda fa ett grepp pa landhdjningens hastighet. 

Under 1931 ars expedition observerade H. AHLMANN i omradet séder om 
Sveanor sdder om Murchisonfjorden en tradstam, som lag 36.5 m 6. h. (Kut- 
LING 1936). A. G. NarnuorstT omnamner i sin »Tva somrar i Norra ishafvet», 
att han pa Kung Karls 6, som ligger sydost om Nordostlandet, patraffat en 
stor stam, liggande 39 m 6. h. Det finnes salunda stora méjligheter att fora 
dateringarna av landhéjningen inom Spetsbergségruppen Iangt tillbaka i ti- 
den. Det ar tack vare det konserverande arktiska klimatet, som de tusentals 
ar gamla stammarna dnnu ligga val bevarade utmed héjda havsytelinjer. 
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Some Observations Concerning Mass Movement 


on Slopes in Sweden 
By 
STEN RUDBERG 


The development of slopes is an important problem which is of current in- 
terest in physical geography. In many respects it still remains unsolved. In its 
attempts to interpret various types of relief — valleys, peneplains, polycyclical 
relief — geomorphology has thus not yet the possibilities to base upon estab- 
lished facts concerning mass movements — creep, solifluction etc. — in areas 
outside the linear transport ways of running water. However, quantitative data 
on denudative processes are determining for interpretation in many cases, es- 
pecially concerning: the rate of movement of the loose load on slopes, the 
thickness of the layers moving downslope, the vertical velocity profile (relative 
movement at different depths), and the smallest angle of inclination permitting 
movement. — All of these are to be considered under the various conditions 
imposed by climate, vegetation, changes in the composition of the bedrock, ete. 
One of the commissions of the International Geographical Union is at work on 
this problem of the development of slopes (cf. Premier rapport de la commission 
pour l'étude des versants.... 1956). 

The slowness of the denudative processes causes special difficulties, although 
steep walls may in some respects be an exception. Certain experts assert that 
practically no denudation is taking place on slopes in the present day temperate 
forest climate of Central Europe (Bipet 1948). In any event, owing to the 
slowness of the processes, empirical data concerning active soil movements can 
only be obtained by means of long term investigations requiring team work in 
the widest sense of the word. A scientist starting an investigation must accept 
the fact that he may not be able to reap the results of his work. Another 
consequence of the slowness of the processes is that there has so far been a 
tendency to work in periglacial environments, in arctic regions or mountains, 
where earlier observations and research have in general indicated somewhat 
faster processes. 

In such environments investigations have been started (and preliminary 
reports published) by several research workers using similar methods — é.g., ON 
Spitsbergen by Drcr (1941), in the French Alps by Micnaup (1950), in the 
Norwegian mountains by Wittiams (1957, A and B), and in New Zealand by 
GrapweLL (1957). The present author started such investigations in the 
Swedish mountains during the summer of 1955. A simple method is to paint 
stones or to place easily visible objects on the ground and measure the changes. 
The author has made coloured marks on stones in their original position with 
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Height | | Min. | 
1 ee Slope No of Meng Max. Min. 
Site soaleuel meh destomes | eo eo. | ONE | MOVES | as 

se aPnor placed ment ment ment 
in m incm | incm | incm 


ee ee ee ee | ee famed Poa | eee 


Water-saturated — solifluction 


soil, poor in vegetation.... 800 5° 


PSAIMEPSTC Ce: hae aes Sec) cele » » 


Stone streams, free of fine 
ATER STE gl a i A ye 


» Be noes e et. » 


Solifluction terrace with out- 
wards bulging front 


3.5 6.5 2 1955-56 
0.9 3.5 0 1956-57 
3.1 6 1.7 | 1955-57 
1.5 5.5 0 1955-57 
poze 115 9 1955-57 


the aid of a plumb line and a thread strung between two fixed markings. Ac- 
cording to Micuaup’s recommendations different colours were used each season 
(red for July 1955, yellow for September 1956, light blue for August 1957). 
This arrangement makes it easier for others to carry on the measurements, 
should this become necessary. The sites have been marked with numbers, visible 
at some distance. The fixed markings were made on bedrock outcrops, wherever 
possible, otherwise on large boulders, preferably such which judging from the 
relations to the surrounding ground and vegetation did not show any marked 
_tendency to move. The use of boulders as fixed points induces some error, but 
the investigations have thus far only been carried out with simple equipment so 
that it is believed the limits of accuracy of the method are not exceeded. 
Markings have been made partly in the Tarna mountains in southern Lap- 
land (1955—57) on both sides of the valley extending into the Norra Storfjal- 
let above Hemavan, and in some places further north in the same mountain 
range, partly in the Abisko mountains (1957) on the peaks Njuolja and Lakta- 
tjakko, in the Karkevagge valley and the valley leading from the Laktatjakko 


hut to Bjorkliden station. 


A brief presentation of the values of soil movements so far obtained on sites 
in the Norra Storfjallet is given in Table I above. Positive values, 1.e., downslope 
movements, have been noted in all but a few measurements. 

The values obtained do not differ in range from the values of measurements 
‘published from other investigations (Micuavp, etc.), though they tend to be 
somewhat lower. That displacements have taken place can sometimes be seen 
at first glance: pebbles with two markings have been twisted, marked pebbles 


have been covered by unmarked ones. 


Where changes in the vertical velocity profile, and the thickness of the moving 
layer are concerned, other methods must be applied. Wiurams (1957, A and 
B) reports some of his field experiments using electrical resistance strain gauges 
and gives in the latter paper also some results, but otherwise there seem to be 
few observations on this subject. The present author has tried the following 
method. Markers, most suitably massive plastic cylinders 2 cm high and 2 cm in 
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diameter, are lowered through an iron pipe pressed into the ground. When the 
pipe is removed these cylinders form test pillars each of which may easily be 
pushed apart by differential movements in the earth itself. After a given period 
they may be dug up and possible displacements measured with a plumb line. 
More than 20 test pillars have been pressed down, mostly in solifluction terraces 
on sites in the Tarna and Abisko mountains, usually to a depth of 50—60 cm 
but in some cases deeper. Only a few have so far been recovered. It appears 
that the displacements between the various cylinders that can be observed with 
certainty after one year are somewhat too slight in relation to the errors of the 
method. In one case, a solifluction terrace in the Tarna mountains at a height 
of 800 m, the following minimum values may, however, be given with a fair 
degree of accuracy for the period July 1955—September 1956: surface layer — 
2 cm, 50 cm depth — 1 cm, 80 cm depth — no movement could be observed 
with certainty. 

Only as time goes on can direct measurements of possible mass movements — 
by the present author and others — be expected to give a sufficient amount of 
material to justify a preliminary evaluation of the general range and conditions 
of denudation. 


Let us instead turn to another method which may perhaps more easily pro- 
vide information about the present or past occurrence of mass movement on a 
certain slope and about the depth of the moving layer. 

It is well known that solifluction gives rise to characteristic features which 
immediately reveal recent and current movements down a slope, e.g., stone 
streams or solifluction terraces with outwards bulging front. Trott (1944, p. 
659) and Wiiurams (1951 A, p. 44) have also given some instances of the 
presence of disturbed soil profiles in solifluction terraces and of buried humus 
layers under such terraces. The latter author mentions a humus layer 13 m in 
length. In the Tarna mountains humus layers are common in solifluction ter- 
races; frequently there are several of them interspersed with mineral soil, 
showing movement in stages. Good examples of disturbed soil profiles of a 
podsol type occur, but probably to a more limited extent. 

Various observations have shown, moreover, that elongated stones in cha- 
racteristic solifluction features lie with their long axes in the direction of flow, 
i. é., in the direction of the slope. G. Lunpgvist (1948, 1949) has diagrams 
published of such observations from solifluction terraces and stone rivers in 
Swedish mountain regions, and Camteux and Taytor (1954) report, on the 
basis of similar measurements in other areas, that between 63 and 95 % of the 
elongated stones lie in the direction of the slope. In the tundra region of moun- 
tains (according to Bupet’s terminology, 1948) it seems, however, that slopes 
with features that directly and markedly indicate mass movement are less in 
area than slopes with no such characteristics. Below the timber line this situation 
is still more apparent, even though the presence of stone streams and wandering 
boulders has been reported from northernmost Sweden by B. Hécrom (1926). 
This lends special interest to the observation by G. Lunpovist (1948) that stone 
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material in certain long till-covered slopes in the interior of northern Sweden 
(below the timber line) lies with its long axes in the same direction as in moun- 
tainous solifluction areas. 

It seemes reasonable to try the conventional but simple method of measuring 
the long axes of stones to a larger extent. The author has started such an 
investigation, and the results, though limited to observations from 58 sites, show 
interesting tendencies. 

The method has been applied according to common practice in Sweden — 
the projection of long axes on the horisontal plane is measured with a compass 
and the values are illustrated by means of “rose” diagrams which are certainly 
not ideal considering the impression of a surface they give, but cannot be 
replaced by anything more suitable in this paper (cf. G. Lunpgvist’s presenta- 
tion of the method, 1948). The measurements have been made in till. At all 
sites investigated such measurements were carried out in the surface layer from 
0 to 20 (25) cm depth — the layers which seem to have commonly been 
avoided where investigations about the dependence of long axes on ice move- 
ment were concerned. 50—100 stones were measured in ‘every set, in few cases 
more. On many occasions a new set with a comparable number of stones was 
measured in the same test pit but at a lower depth, usually 40—60 cm, in order 
to find out whether there was any difference in the orientation. A few times a 
third series, even deeper down, was measured. In these cases the results were 
illustrated by “double” or “triple” rose diagrams. Soil samples for mechanical 
_analysis were usually taken from every layer where the stone orientations had 
been measured. — To decide whether the slope has influenced the position of 
the long axes, it is necessary to know the direction of the last ice movement so 
that an undesirable coincidence of directions may be avoided. It has, however, 
not always been possible wholly to eliminate the latter risk, especially in moun- 
tain country where strictly local ice movements, which are not always preserved 
in striae, evidently often occurred during the final phases of deglaciation. In 
the diagrams ice movements are recorded according to the author’s own ob- 
servations of striae (mainly in the Tarna region) or from published maps. Use 
has been made either of the nearest local observation or of mean values where 
only smallscale maps have been available. 

The following collection of examples consists of random samples from dif- 
ferent geographical environments in the country. 

The mountain region is represented by 4 diagrams from the same 
parts of the Tarna region (Fig. 1) where the measurements reported above 
were carried out, and by 3 diagrams from a small glacifluvial channel on the 
mountain Nipfjallet in Dalecarlia (Fig. 2). In all cases the diagrams show that 
the long axes of stones in the surface layer definitely point in the direction of 
the slope. Nos 1 and 2 (Fig. 1) come from slopes with no visible signs of soli- 
fluction, no 3 from a slope with signs of diffuse solifluction, and no 4 from an area 
in whose vicinity solifluction terraces occur. The last two occur on either side 
of a stream incised to a depth of some 20 or 30 m. Of the three diagrams from 
Nipfjallet (Fig. 2) only no 1 comes from a slope where slight outward signs of 


118 STEN RUDBERG [Jan.—Febr. 1958 


Fig. 1. Rose diagrams showing the orientation of the long axes of stones from sites in 
the Tarna mountains. No 1 is from the slope of the peak Kittelhobben at 780 m above 
sea level, no 2 from the same peak at 930 m, no 3 from southern side of the 
stream Darjesjokk at 900 m, no 4 from the northern side of the same stream at 915 m. 
In each diagram and the following ones in Figs. 2, 3, 4, 5 the circle represents a 
frequency of 10 %. The heavy line represents the surface layers from 0—20 (25) cm 
depth, and the thin line observations from 40—60 cm depth. A black arrow indicates 
direction of slope, and a white arrow the striae. When two directions of ice movement 
are observed the more recent one is indicated by the white arrow, the older one 
by a gray arrow. 
movement exist in the form of a faint terrace formation at the base of the slope. 
At a depth of 0.5 m the conditions are, however, more varied. In Fig. 1 no 3 
shows practically as good an orientation of the long axes in the direction of the 
slope as in the surface layer; in the three other cases the orientation is not as 
good. Instead the orientation maximum in nos 1 and 2 shows a certain trend 
towards a direction represented by striae. However, there are signs of another 
and more divergent most recent ice movement of a purely local character. On 
Nipfjallet (Fig. 2) only one incomplete set of measurements of long axes was 
made at 0.5 m depth (in the test pit represented by diagram no 1) but no maxi- 


mum shows in the direction of the slope, probably rather in the direction of the 


Bd 80. H. 1] MASS MOVEMENTS ON SLOPES 119 


Fig. 2. Orientation of the long axes af stones on the slopes of a small glacifluvial chan- 
nel at 1000 m above sea level on the mountain Nipfjallet, Dalecarlia. 


striae (extrapolated from some distance). The fine material content in the 
Nipfjallet samples is low (Table II), but on the other hand it is relatively high 
in samples from the four sites in the Tarna mountains. The test pit where the 
measurements for no 3 were made showed a considerably higher water content 
than the others. Measurements not included in this presentation have, except 
in one case, shown a long axis maximum in the direction of the slope. The 
exception came from a slope with a gradient of only 2°. A slight slope (5°) in 


Table II 
Site corresponding to diagram no! | il | 2 | 3 4 | 5 | 6 | 7 | 8 
ee 
F ae 38.8 | 12.5 | 30.6 | 33.3 | 14.0 4.6} 10.7 | 16.2 
Bee Secott ume suaterialed) gril o7.7 1 a7 |" 19,0)" 8.0) 8.9") “3.8 [019.6 


Percentage of fine material ....| 23.2 | 32.7 | 35.1 | 28.9 | 16.3 


| In Figs. 1, 3, 4 and 5. E 

- By fine material content we here mean the content of particles finer then 0.062 mm, calcu- 
lated as a percentage of the total quantity and excluding particles coarser than 16 mm, The 
soil samples submitted for analysis weighed between 0.3 and ().5 kg. Where two figures are given 
‘or fine material content the first refers to the surface layer and the second to the 0.5 m layer. 
4 third figure (no 10) refers to 0.55-0.75 m layer. 

tig 2,10 1. 
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Fig. 3. Orientation of the long axes of stones in_ the birchwood _zone of the Tarna 
mountains: no 5 from the slope above the vallery of the river Ume alv att 600 m above 
sea level, no 6 from the valley of the stream Mortsbacken at 575 m. 


Salen showed a certain orientation in the direction of the slope, but the observa- 
tions were widely scattered. 

Two examples (Fig. 3) have been included from the birchwood zone 
of the mountains, also in the Tarna area. One comes from the slope 
down to the valley of the river Ume 4lv (no 5), the other from the valley of the 
stream Mortsbacken which cuts through huge till masses. In both cases the 
orientation of the long axes in the direction of the slope is good in the surface 
layer, but in no 5 at a level of 0.5 m it rather corresponds to the ice movement. 
The fine material content is low for both nos 5 and 6. Three sites not included 
here show the same tendency. 

From the coniferous forest zone of northern Sweden 
6 diagrams (Fig. 4) are reported. Diagram no 7 is from the lower parts of a 
hill slope in the area north of Lake Storuman. In the surface layer the orienta- 
tion of the long axes has its maximum in the direction of the slope, but the 
concentration is weaker than in the diagrams previously studied. A secondary 
maximum may indicate ice movement. At a depth of 0.5 m the maximum more 
clearly lies in the last mentioned direction, and there seems to be no influence 
of the slope. This till is poor in fine material and rich in quartzite fragments. 
Partly similar are two diagrams from northern Dalecarlia, no 8 from a valley 
side in the Alvdalen porphyry region, no 9 from the slope of a small hill some 
10 m below an outcrop of diabase with double striae. The concentration in the 
direction of the slope of the long axes measured is higher than in diagram no 
7, and at a depth of 0.5 m the slope still exerts a certain influence together with 
another direction probably corresponding to ice movement. A divergent type is 
diagram no 10, from a slope in Norsjé parish, Vasterbotten. The surface layer 
as well as the layer at 0.5 m show a good concentration in the direction of the 
slope. A still deeper layer (from 55 to 75 cm), on the other hand, shows a wider 
distribution of the observations with a maximum closer to the striae direction 
of the area, yet without being entirely independent of the slope. The diagram 
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A188 


of the stones on slopes in the coniferous zone of 
northern Sweden: no 7 from north of Lake Storuman, Vasterbotten, no 8 from a valley 
side by D&raberg in Alvdalen parish, Dalecarlia, no 9 from a hillslope west of the farm 
Branis in Transtrand parish, Dalecarlia, no 10 from Stenliden in Norsjé parish, Vaster- 
botten, no 11 from Skarvsj6 in Stensele parish, Vasterbotten, and no 12 from a moraine 


ridge by Nyvall in Arvidsjaur parish, Norrbotten. 


Fig. 4. Orientation of the long axes 
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Fig. 5. Rose diagram 13 represents a site 130 m below the postglacial highest marine 

limit at »Skuleskogen» close to the main road between Vibyggera and Natra, Anger- 

manland. The three following diagrams are from southern Sweden: no 14 from a slope 

above Lake VAatter at Uppgranna, no 15 from a moraine ridge near Hovgél in Adelév 
parish, no 16 from a hillside south of Lake Bunn. 


indicates a successive reorientation of the stones from deeper layers towards the 
surface. Diagrams nos 11 and 12 are obtained from the surface layer. The 
former is from a slope a few meters high leading down from a ledge on a gently 
sloping hillside, the latter from a moraine ridge in a region of hummocky 
moraine. This is a simple ridge and not of the rim ridge type described by 
Hoppe (1952). In both cases the maxima of the rose diagrams correspond to 
the direction of the slope. 

A special type of situation is found below the highest marine 
limit where postglacial uplift has subjected the till cover to a varying amount 
of washing. Sample no 13 (Fig. 5) comes from a site 130 m below the former 
highest sea level. ‘There is a marked orientation of the long axes in the direction 
of the slope. The slope is in a position relatively sheltered from abrasion, and 
the till cover cannot have been very strongly washed by the sea. Other diagrams 
not included here from more thoroughly wave-washed till only show a weak 
orientation in the direction of the slope (e.g., south of Gaddvik near Lulea, or 
at Boviken north of Skelleftea at a height of 15 m above sea level) or they 
show no such orientation at all. Since the orientation of the long axes in well- 
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washed till seems to be connected with a number of complications these cases 
are only mentioned in passing. 

In Southern Sweden about 10 measurements have been made. They 
usually show a good correlation between the stone orientation and the direction 
of the slope. Three examples are included (Fig. 5): no 14 from a till-covered 
surface between outcrops on a slope down to Lake Vitter at Uppgranna, no 15 
from a moraine ridge near Hovgél in Adelév parish, and no 16 from a hillside 
south of Lake Bunn, all three in Smaland. The layer (with elongated stones) 
reflecting the direction of the slope was more than 0.5 m thick in nos 14 and 15. 


The investigations thus far carried out suggest that stones oriented in the 
direction of the slope are a fairly common phenomenon in both long slopes and 
in slopes only a few meters’ high (glacifluvial channels, moraine ridges). Con- 
cerning the thickness of the layer where this orientation appears, it can only be 
said that it sometimes exceeds 0.5 m, and it is sometimes considerably less, par- 
ticularly where the fine material content is low. In the last-described cases the 
diagrams sometimes also show a less concentrated distribution in the surface 
layer. As surfaces with only a few boulders visible have usually been chosen for 
the test pits, till with a high fine material content naturally predominates in 
the test material. 

The complicated question as to which type of movement causes the orienta- 
tion of the stones in the direction of the slope will not be treated here. If the 
trend so far observed towards a correlation between the degree of orientation 
and the fine material content is confirmed, there is reason to consider the 
sreater water content of more finely fractioned till and to its susceptibility to 
frost heaving. It may then be suspected that the similarity to the stone orienta- 
tion in the most characteristic solifluction soils of the mountain regions is more 
than superficial. 

On the other hand the question as to whether this phenomenon is of recent 
or fossil origin will be briefly discussed. Three different formative environments 
seem to lie at hand: 

1) The orientation of the stones is connected with unknown final phases of 
deglaciation, ¢.g., with the very last movements of the ice influenced by the 
ferrain and not necessarily preserved in striae; 2) The orientation of the stones 
‘ook place immediately after the ice retreat, when the ground was saturated 
with water and no covering vegetation had yet developed; 3) The stone orienta- 
‘ion has been determined by recent or current mass movements. 

Several of the examples given make the first alternative less plausible, es- 
secially those in which the slopes are small in size. The measurements from 
he glacifluvial channel on Nipfjallet are certainly in this category. It should be 
noted, however, that an established orientation of stone long axes in different 
ypes of moraine ridges is explained by G. Hoppe (1952, 1957) by means of 
yrimary, subglacial movements in the till. This possibility should be kept in 
nind concerning diagrams nos 11 and 15 discussed above. The second alterna- 
ive was put forward by G. Lunpgvist (1948, 1949) to explain the cases 
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previously mentioned which he had observed and in which the orientation of 
the long axes was also in the direction of the slope in regions outside of the 
mountains. The explanation seems reasonable but there are certain indications. 
that it cannot be the only one. Earlier in this paper cases of a good orientation. 
of the long axes in the direction of the slope have been quoted from a site 
lying at a depth of 130 m below sea level at the time of the retreat of the ice 
margin. On certain very steep slopes where the same orientation has been estab- 
lished it further appears that small cones of mineral soil have accumulated 
above the more or less curved basal parts of trees. When the mineral soil was 
uncovered around a tree stump on such a slope (on the road up to the Salen 
mountain) it appeared that the stones here lay parallel to the contours, 1.e., 
the downslope motion was arrested. This is an isolated case but it is similar to 
certain pictures of current mass movements in the Black Forest and Taunus, 
whose slopes, contrary to the Salen examples, seemed to be only sparsely covered 
by undergrowth (Scum 1955, p. 110 pp.). Of particular interest in this con- 
nection, though not conclusive, are the conditions on Hokberget at Mora, where 
long axes have been measured. On this hill the till has been found to be covered 
by a cap of windblown silt (Hyutstr6M-SunpBorG-FaLk 1955). This windblown 
silt was deposited some time after the ice had retreated from the area. Only a 
slight orientation of long axes in the direction of the slope could be observed 
below the 30—40 cm covering of silt, and apart from this there were a number 
of stones embedded in the silt, 7.e., in a secondary position and influenced. by 
recent soil movements. If the time interval between the ice retreat and the 
depositing of the windblown silt could be determined, this site and others like 
it would be of great interest for the problem here being investigated. At the 
present stage no more can be said about the conditions causing the orientation 
of the long axes than that alternatives 2 and 3 may both be valid in the 
majority of cases discussed. In order to determine which of the two is to be 
preferred more investigations on suitable sites are called for. 

There is thus a possibility that mass movements reported from regions at 
present enjoying a temperate climate are of recent nature. It may even so be 
a true parallel to the solifluction processes of the mountains. In that case a strict 
demarcation at the timber line of the action of periglacial processes has as little 
justification here as, for example concerning the aforementioned wandering 
boulders or the earth hummocks (thufurs). As to the latter it is probably well 
known, though not especially stressed in Swedish publications, that they are by 
no means limited to the mountains. They are common in central Sweden near 
sea level. It is perhaps not as widely known that earth hummocks in coniferous 
forest areas may show disturbances in soil profiles which the observer spontan- 
ously associates with various published pictures of periglacially disturbed layers 


(Fig. 6). 


Finally the following reservation should perhaps be made. The introductory 
investigations here reported essentially concern mass movements in till-covered 
slopes. For the geomorphological purposes suggested in the introduction it would 
be more important to work with the regolith. However, this does not prevent 
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Fig. 6. Earth hummocks in a coniferous forest area at 500 m above sea level south of 

the farm Sarnstugan near the border between Alvdalen and Sarna parishes. The picture 

shows disturbed soil profiles of podsol type. The symbol 1 signifies the A horizon, 2 the 

B horizon, and 3 the C horizon. The line S—S limits the vertical cut from the horizon- 
tal cut. 


the type of investigation possible in Sweden from being of interest for the 
purposes mentioned above. 
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Anmalanden och kritiker 


Redaktionellt meddelande 


Enar P. A. Norstedt & Séner fran Arsskiftet infort nya stilsorter, har GFF:s omslag 
forandrats, samtidigt som Aven texten framtrader i annan gestalt, med smalare margi- 


naler. 


Per H. Lundegardh 


Atlas éver Sverige. Utgiven av Svenska Sillskapet for Antropologi och 
Geografi, utarbetad och tryckt i AB Kartografiska Institutet, Stock- 
holm. Generalstabens Litografiska Anstalts Férlag, Stockholm 1953 och 
framat. Pris 12: — kr per blad. Vid abonnemang 4 hela verket erhalles 
forvaringskartong och férsattsblad. 


PA tva undantag nar — tektoniken och issj6arna — har de geomorfologiska och geo- 
logiska bladen i Atlas 6ver Sverige nu lamnat tryckpressarna. Tiden har darfor ay 
Geologiska Féreningens redaktion ansetts mogen att i Férhandlingarnas spalter agna 
dessa blad en narmare granskning. 

Redan ett flyktigt studium av de utkomna bladen ger belagg for att Atlas over 
Sverige i sitt fullbordade skick kommer att framsta som en den svenska kartografiska 
konstens vackraste skapelser. Med risk for att bli beskylld for skryt gar jag sa langt 
som till pastaendet, att endast en del avy Geologiska undersdkningens kartor i lyster 
och skarpa 6vertraffar Atlasbladen. Jag tanker da sarskilt pa K. E. Sahlstréms jord- 
artskarta i 1: 400 000, vart lands kanske vackraste karta, men Aven pa Sven Gavelins 
och Oskar Kullings bade effektfullt och stramt fargkomponerade VAsterbottenskarta 
liksom pa Walter Larssons livfulla berggrundskartor till Aa-bladen Varvik och Halm- 
stad. 

Det Ar icke en tillfallighet, att bakom fargspelet pa dessa SGU-kartor star samme 
man, som mer An nagon annan bidragit till skapandet av Atlas 6ver Sverige — Mag: 
nus Lundqvist. Att fa bladen sa aktuella och innehallsmassigt representativa som méj- 
ligt har varit hans forsta mal, men det r i och fér sig icke mer 4n man kraver av en 
god kartredaktor. Framexperimentering av fargsammanstallningar som slar ar daremot 
en kinkigare uppgift, dar det kravs bade erfarenhet, intuition och konstnarstempera: 
ment. Vid begynnelsen av Atlasarbetet hade man ofullstandig erfarenhet om, hur vissa 
foreteelser 6ver huvud taget borde gestaltas i farg, t. ex. isrefflor och flera pa samma 
karta representerade generationer av kalksten. SA mycket mera glidjande ar det d& for 
lasaren att kunna konstatera, att man merendels natt ett synnerligen hogt matt av preg: 
nans i fargsattningen. 

I de geomorfologiska och geologiska avsnitten av Atlas dver Sverige ar skalan i all: 
manhet 1:2 000 000. Blott bladen 19—20 visar kartor i mindre skala. 

De forsta bladen (1—2) aterspeglar héjd- och djupférhallandena i och kring Sverige 
Pa langt hall kanske kartan icke skiljer sig si mycket fran andra fysiska kartor, men et 
narmare studium avsléjar for betraktaren en fdrtrollande rikedom ay detaljer belagde 
med lackra farger. Genom att stadernas namn serveras i tvabokstavsférkortningar bli 
ocksa bilden ovanligt ren. Skandernas fiargskala framhaver lyckligt bade hédjder ock 
brutenhet i fjallregionen. En upplysande text — av Magnus Lundqvist och Nils H 
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a — liksom aven diagram Over hojdskiktens arealférhallanden beledsagar 
adet. % 

Bladen 7 kontrasterar lustigt mot 1—2. De verkar barnteckning i jamférelse 
med filigransarbetet 1 1—2. Varfér? Jo, de ger brutenheten med vissa i foljetexten 
angivna modifikationer beraknad efter nivaskillnaden mellan hégsta och lagsta punkt 
inom ett hela landet tackande ménster av kvadrater med 5 km sidor. Det ir up- 
penbart, att en sadan karta aldrig kan bli smaplottrig. Tvartom, sirskilt norra bladet 
Ar Aroseniuskt festligt med sina rundade tarmar och 6msom tillplattade, 6msom till- 
bucklade kulor. 

Bladen 5—6, tektoniken, saknas tyvarr. Dem lingtar vi efter. 

Bladen 7—8 r ett verk av Sven Hjelmqvist. De utgdr en ovanligt redig och val- 
avvagt kolorerad berggrundskarta. Synd bara, att bladen mist komponeras fore till- 
komsten av de nya lanskartorna i norr. Sarskilt i Halsingland och delar av Norrbot- 
ten har kartbilden starkt foraéndrats under de senaste dren. Men Aven i Sydvastsverige 
har nyheter dykt upp, t. ex. Stora Le—Marstrandsserien i Bohuslin, Dal och viastli- 
gaste Varmland. Till SGU:s 100-arsjubileum i sommar beraknas dock en ny dver- 
siktskarta ver Sveriges berggrund, i skala 1: 1.000000, komma ut (i tre blad). 

Hjelmqvists text ar forebildlig i sin koncentration av ett stort och besvarligt amne, 
liksom aven Kullings 6versikt av fjallkedjans byggnad. Vad man skulle vilja klaga 
nagot Gver ar dock placeringen av sydvastra Sveriges gnejser ovanfér SmAlands-Fi- 
lipstadsgranitserien i aldersschemat, men den féljande texten ger har upplysningar 
tillrackliga for att skingra lasarens undran. 

Bladen 9—10, bergarternas betydelse for markens bérdighet, ar bland de intres- 
santaste av de hittills utkomna. Josef Eklund har har med stark kansla for det va- 
sentliga fort samman bergarterna i skilda regioner till grupper kannetecknade av stér- 
re eller mindre formaga att skapa bérdig mark. Kartan har dock icke kunnat ta 
hansyn till transport och blandning ay bergartsmaterialet, enar betydelsen av dessa 
faktorer varierar starkt. I skalan 1: 2000000 spelar dock de namnda faktorerna stor 
roll bade i fraga om isdlvsmaterialet inklusive glacialleran och vad galler de post- 
glaciala sedimenten. Man borde darfor kanske riktigare kalla bladen en moranens 
bérdighetskarta. 

Bladen 11—12 visar forekomsten av malmer samt nyttiga mineral och bergarter. 
Aven har star Josef Eklund for kartbilden, under det att Nils H. Magnusson skrivit 
den fértraffliga texten. Kartan ar som helhet betraktad synnerligen lyckad men visar 
nagra sma skénhetsflackar. Salunda kallas Blekinge och Hallands kustgnejser for 
sranit, fast de ar lika mycket (eller litet) suprakrustala som Kullgrens gnejs i Fjaras. 
Kramstamalmen tycker jag blivit lite for liten. "Gackskar’ (i trakten och hos Blom- 
berg kant som Gacktjarn!) NV om Dellen Ar icke ren jarnmalm, som angivits, utan 
en titanjarnmalm av Kramstatyp, vilken framtrader i fyra metagabbroboudiner. Skall 
for Svrigt denna obetydliga malm vara med, borde nog ocksa Gartsbo och liknande 
‘itanjarnmalmsanledningar i Halsingland ha plockats in i kartbilden. 

I sydéstra Gastrikland finner man, att lilla Hyttéjarnmalmen tagits med, under det 
itt Jordasen narmare Forsbacka utelamnats. 

Bladen 13—14 ar Josef Eklunds konstnarliga och petrologiska fulltraff. Sallan har 

Al kalkstenar och alunskiffrar satts i relation till omgivningens vasentligheter och 
‘ramhiivts sa val som pA denna karta. Det ar en frojd att skada de réda urkalkstens- 
armarnas ringdans runt Bergslagen och fjallkalkstenens langdans langs norska 
sransen. 
Bladen 15—16, jordartskarta éver Sverige, leder oss in i kvartarperioden. Den 
cartan ger oss ett Atersken av K. E. Sahlstréms magnifika 1: 400 000-delskarta over 
Sdra och mellersta Sverige — men ack, pa grund av den lilla skalan, i hur mycket 
slottrigare gestalt! Ett underbart filigransarbete, men njutbart blott for innehavaren av 
tt lasglas. Har borde nog de olika jordartstyperna ha tagits var for sig, aven om 
Atlasens bladantal pa sa satt blivit utdkat. 
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Som ett brev p& posten kommer i niasta blad (17—18) mycket riktigt ett prov pa 
en salunda konstruerad deljordartskarta. Och vilken karta! Konstnarligt sett ar detta 
G. Lundqvists verk av hégsta klass. Hur raffinerat framtrader inte de djupréda rull- 
stensasarna och isalvsdeltana pA den fina gra rasterytan. G. Lundqvist maste ha kant 
det som en befrielse, nar han kom Over till denna uppgift fran den kombinerade 
jordartskartans tvangstréja. Nagra utsdkta fotografier upptacks ocksa i texten pa kar- 
tans baksida. 

Bladen 19—20 utgér Erik Fromms bidrag till det maktiga verket. Han lamnar 
1: 2.0000 000-skalan och inleder med en rolig bild av iskakan pa norra halvklotet, 
nar kakan var som storst. Sen far vi félja den glaciala och postglaciala utvecklingen 
i en serie synnerligen instruktiva bilder. 

SA till de sista fardiga geologibladen: 21—22. Aven har har G. Lundqvists ska- 
pargladje flodat. Ett orakneligt antal israfflor rinner fram pa den blekgula bottnen. 
Och rafflorna ar rédvioletta, varigenom de trots mangfalden inte hugger i Ogat uta 
tvartom flyter samman till en lugn helhetsbild. Ett skickligt grepp, varforutan icke 
heller Andmoranerna skulle ha framtratt sa val som nu. 

Lite stérande ar daremot isrecessionslinjerna. Grovt och till stor del avbrutna 16- 
per de fram 6ver den vackra kartan som frukterna av upprepade vredesutbrott. 

Trots att de sakert 4r mycket val tagna, ar fotografierna i texten icke helt lyckade. 
Flygbilden ger i mitt tycke 4ndmordanerna i alltfér stor forminskning, och detaljbil- 
den av en 4ndmoran 4r i vissa exemplar gradaskig, nagot som dock férfattaren torde 
vara oskyldig till. 

Texten ar i Ovrigt fortrafflig, en egenskap som i stort sett kannetecknar samtliga 
de salunda skarskadade bladen, aven om detta icke alltid poangterats. 

De sista geologiska bladen (23—24), issjékartorna, saknas annu, men Erik Nilssons 
manus ar under bearbetning pa Kartografiska institutet. Vi far aterkomma! 

Slutvinjett: Hatten av for Atlas Over Sverige! Den bér képas av en var, som har 
intresse for kartor. Bladvis blir det inte sa dyrt. 12 kronor Ar ett lagt pris for sa vack- 
ra kartor, sarskilt med tanke pa den atféljande, larorika texten. Den som tecknar sig 
for hela verket far dessutom en mycket gedigen och snygg forvaringskartong, som 
kan pryda Aven ett salongsbord. 

Per H. Lundegardh 


W. Maurice Ewinc, WENcEsLAs S. JARDETZKY, and FRANK PREss: 
Elastic Waves in Layered Media. Mc Graw-Hill Book Company, Inc., 
New York, XI + 380 pp., 1957. Price $ 10.00. 


The subject treated in this book, i.e. elastic wave propagation in the presence of 
ene or several discontinuity surfaces, is one of very great importance, both from 
the theoretical and the empirical points of view. In fact, practically all kinds of 
elastic wave propagation near the earth’s surface, whether in the atmosphere, the 
oceans, or in the earth’s interior are governed by the theoretical developments laid 
down in this book. In addition, the subject has an extensive application to technical 
problems. A very large number of papers dealing with various aspects of this vast 
subject have appeared, especially in recent years, but, as usual, they are scattered 
in numerous scientific journals. Therefore, both the advanced student of geophysics 
as well as the research worker very much appreciate this comprehensive and complete 
treatment of this whole subject in a single volume — the first of its kind for many 
years. 

_ The content of the book falls into three parts. The chapters 1—3 constitute the 
first part, giving the basic theory of elastic waves. Starting from the fundamental 
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ideas, each chapter leads to an advanced theoretical treatment, including different 
solutions of the wave equation, a thorough treatment of the disturbances generated in 
a semi-infinite medium by an impulsive force applied along a line or at a point on 
the surface or in the interior of the medium (Lamb’s problem), and the same problem 
in the case of two semi-infinite media in contact with each other. As in practical 
problems the layer thickness cannot usually be considered infinite compared with the 
wave-length, it is natural that the presentation in these chapters is almost exclusively 
theoretical. The observational part is here limited to a description of how Lamb’s 
theory has been confirmed by model seismic experiments, and how theoretically 
predicted “‘refraction arrivals” are observed both in model experiments and in the 
field. 

The second part consists of chapter 4, which with its 130 pages, the longest of the 

book, and its 213 references is the climax of the whole treatise. In dealing with one 
or several layers of finite thickness overlying a semi-infinite medium, the theories 
developed have close connection with observations. This chapter therefore also con- 
tains comprehensive descriptions of observations, as of dispersion of seismic surface 
waves (of Rayleigh and Love type) along continental and oceanic paths, seismic 
channel waves, microseisms, seismic soundings of the crust by reflection and refrac- 
tion technique, the ground roll from explosions, sound propagation in the oceans etc. 
The authors of the book and their collaborators at the Lamont Geological Observatory 
of Columbia University, New York, have made considerable contributions in the last 
decade toward our understanding of these phenomena, including explanation of old 
problems in the propagation and dispersion of seismic surface waves, their effective 
use for the study of crustal and sub-crustal constitution, the discovery of new types 
of waves, e.g. seismic channel waves, and underwater sound phenomena. They have 
also made effective use of seismic model experiments in their study of various wave 
propagation problems. 
» The final three chapters 5—7 form a third part, mainly with generalizations of 
previous calculations and the study of certain special cases. The effects of gravity, 
the curvature of the layers, and internal friction, which were neglected in the earlier 
calculations, are studied in chapter 5. These effects cause increased velocity, but in 
most cases of negligible importance. Each layer is assumed to have constant values of 
the elastic parameters and the density. This limitation is dropped in chapter 7, where 
layers with properties varying with depth are included. The practical applications 
concern long-distance sound propagation in the oceans, i.e. the so-called SOFAR 
propagation, and observations of mantle Rayleigh waves with periods up to 500 sec. 
Chapter 6 deals with wave propagation in elastic plates and cylinders. In many 
respects, the wave propagation is in this case analogous to propagation in layered 
media. Besides technical importance, such studies also have relation to geophysical 
phenomena, as e.g. the wave propagation in a floating ice sheet. 

In conclusion, we note that a close interplay of theoretical and experimental parts 
is characteristic for this book. All the theoretical calculations are based on the funda- 
mental equations of elasticity, and uniform methods are followed throughout the 
book both in the development of the formulas and in the solution of integrals. The 
uniform presentation both facilitates the reading and is very helpful for research 
workers, who need to make further theoretical computations. Each chapter is followed 
by a comprehensive list of references, although not complete in all cases. The number 
of misprints is exceptionally small. More than 150 instructive figures illustrate the 
text. 2. . 

There is no doubt that this book is of the greatest value both for geophysical studies 
and research. That is has filled an important task is shown by the fact that the first 
edition was sold out very quickly, and that the book is in its second printing already 


a few months after its first appearance. 


Markus Bath 
9—583060. G. F. F. 1958 
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K. Moéuper, V. VALovirTA und K. VIRKKALA: Uber Spatglazialzeit 
und frithe Postglazialzeit in Stidfinnland. Bull. Comm. géol. 
Finlande n:o 178, Helsinki 1957. 


I denna viilskrivna och lasvirda uppsats har sammanstillts resultaten av pollen- 
och diatomacéanalyserna fran 8 borrprofiler, upptagna utefter en linje lagd ungefar 
fran Helsingfors dver Tavastehus till Tammerfors. Fyra av profilerna (1—4)  ligga 
séder om férsta Salpausselka, tva aro belagna omkring den tredje Salpausselka (5—6) 
och de &terstiende tvai omedelbart vaster om Tammerfors. Profilpunkterna aro sa- 
lunda valda si att de béra vara sarskilt upplysande rérande den utveckling, som 
land- och haysmiljén undergatt sedan landisen lamnat omradet, och forfattarna be- 
lysa detta med de data de ansett att vaxlingarna i férhallandet mellan skogstrads- 
och NBP-pollen lamnat samt med det de utlast ur férskjutningarna i frekvensen mel- 
lan insjé-, klarsjé- och saltvattensformer bland diatomacéerna. 

Férfattarna fasta sarskild vikt vid de tvenne maxima, som NBP-kurvan uppvisar, 
och varav det aldre delvis faller i varvig lera, medan det yngre ligger i lera, ler- 
eyttja och gyttjelera. I motsats till de svenska lerorna innehalla de finska rikligt med 
pollen, och i den varviga leran aro férutom relativt stor mangd NBP-pollen, bjork-, 
tall-, al- och granpollen representerade i ej féraktliga kvantiteter. 

I inledningen till uppsatsen forklara férfattarna att »Die Anwendung der NBP- 
Werte bei der Datierung der Pollendiagramme setzt voraus, dass das Zunehmen des 
NBP iiberall gleichzeitig gewesen ist. Obgleich man die Zeitgleichheit der Zonen- 
grenze III/IV fiir Finnland nicht nachgewiesen hat, ist von der Annahme ausgegangen 
worden, dass diese Grenze in Finnland wie in Mitteleuropa synchron ist.» Med ut- 
gangspunkt fran dessa teser sluta forfattarna att det undre i varviga leran delvis lig- 
gande undre NBP-maximet Ar synkront med Aldre Dryas-zonen (1) och det dvre med 
Yngre Dryas-zonen (III), medan den mellanliggande NBP-pollenfattiga leran repre- 
senterar Allerédzonen (II). Av dessa konnektioner féljer att Finland séder om Sal- 
pausselka skulle ha frilagts fran landisen redan under den daniglaciala perioden, och 
att isrecessionen norr om densamma skulle ha forsiggatt under den gotiglaciala, vilket 
onekligen ar en fran den tidigare uppfattningen avvikande mening av ganska upp- 
seendevackande art. 

Dateringen av de bada NBP-maxima star sig emellertid endast under férutsattning 
att de ovan citerade teserna dro tillampliga under de férhandenvarande omstandighe- 
terna. Forfattarna aro vail medvetna om att det i lerorna bevarade pollenet ar fjarr- 
transporterat i stérre eller mindre grad. Man saknar emellertid en utredning om den 
inverkan, som denna fjarrtransport skulle kunna ha haft pA pollenflorans samman- 
sattning i just de olika slag av leror varom har ar fraga, glacial varvig lera och post- 
glaciala leror med olika halt av organisk inblandning, salunda lersediment avsatta 
inom sinsemellan mycket olika hydrografiska miljéer och sedimentationshastigheter. 
Inom den varviga leran kan ju en sedimentpelare av flera meters héjd till tidslang- 
den motsvara en en eller ett par cm hég pelare ur en postglacial lera, vilket gor att 
ett pa prov ur varvig lera baserat pollendiagram far tolkas enligt andra grunder an 
ett diagram byggt pa samma provtagningsintervaller fran en postglacial lera. Fér- 
fattarna erinra visserligen om att »in den Tonen sind nimlich ganz entsprechende 
Schwankungen des Pollenbestandes wie in den fiir organisches Material gearbeiteten 
Diagrammen festgestellt worden, wenn auch gewiss mit dem Unterschiede dass der 
Pollengehalt der Tone nicht die am Orte selber gewachsene Vegetation, wie der der 
Torfe, sondern je nach den Verhiltnissen doch die Vegetation der Gebiete trockenen 
Bodens widerspiegeln kann. Der Pollengehalt der Tone ist somit zu einem betriicht- 
lichen Teil durch Fernflug angefallen.» 

_Fragan dr blott var dessa landomraden ligo, som under isrecessionen fran Finska 
viken upp till forsta Salpausselka levererade det pollenregn, som foll vid varviga le- 
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rans avsattning norr om Helsingfors. Det maste ha varit fran trakterna séder om 
Finska viken samt norr och séder om Finska niset. Férst niir landisen drog sig norrut 
fran férsta Salpausselka frilades landytor utefter linjen Helsingfors—Tammerfors, 
som kunde producera lokala pollenregn. Nar nu det férsta NBP-maximet till tiden till- 
hor isrecessionen séder om forsta Salpausselka, och det andra isrecessionsskedet frin 
forsta Salpausselka och vidare norrut, kan det val nda ifragasattas om ej de tokal- 
topografiska forhallandena ha spelat in, s& att den stepp- eller tundraflora, som bér 
ha tagit de isfria landomradena i besittning innan skogen hann géra sig gillande, 
blev sarskilt registrerad i de omgivande vattnens bottensediment. Férst sedan alla om- 
standigheter av mera tillfallig art, vilka kunna ha utévat inflytande pa de vaxtarter, 
pa vilka de i bottensedimenten konserverade pollensorterna férdela sig, helt elimine- 
rats, torde det vara berattigat att pa basis av denna pollenflora draga mera vittgaende 
slutsatser angaende klimatets utveckling. Jag efterlyser salunda Atskilliga led i férfat- 
tarnas bevisféring, innan jag kan anse den biarkraftig nog att kullkasta den tidigare 
dateringen av férsta Salpausselka och konnektionen mellan denna och de mellan- 
svenska andmoranerna. Ett ej oviktigt led i denna forskning ar den pollenanalytiska 
-undersékning, som saval fran finsk som svensk sida igAngsatts pa de sedimentproppar, 
som under de senaste aren upptagits ur Ostersjéns och Bottniska vikens botten med 
det Kullenbergska kolvlodet. 
Carl Caldenius 


Huco Strunz: Mineralogische Tabellen. 
3., vollig neu bearbeitete Auflage. 
Akademische Verlagsgesellschaft Leipzig 1957. 
VII + 448 sid, 70 textfig. och tva 6versiktsdiagram. Pris i hel- 
linneband RM 34:—. 


Alltsedan forsta upplagan av dessa tabeller utkom 1941, ha de utgjort ett stan- 
dardverk inom den mineralogiska litteraturen och torde vara valkanda for alla som 
syssla med mineralogi, geokemi och narstaende omraden. 

Som bekant bestar innehallet av tva delar. Den férsta ger en inledande definition 
av mineralbegreppet, enligt vilken mineral 4r kristallarter som pa oorganisk vag upp- 
kommit eller kunna uppkomma i naturen. Vidare ges i denna del en kortfattad dver- 
sikt dver kristallkemins grundbegrepp, vilken atfoljes av mycket askadliga bilder av 
de viktigaste strukturtyperna, samt tabeller 6ver rymdgrupper, jonradier (enl. Gold- 
schmidt, Pauling, Ahrens) och periodiska systemet. 

Den andra delen utgor en tabellarisk sammanstillning av 2400 mineralnamn (1 520 
arter, 400 varietetsbeteckningar, 280 synonyma) enligt den Strunz’ska klassifikatio- 
nen pa strukturell grundval. For varje mineral uppges kemisk | formel, kristallklass, 
rymderupp, kantlangder, axelférhallanden och _cellinnehall savitt dessa aro kanda. 
Uppgifter om egenskaper i Gvrigt, sasom spec. vikt eller ljusbrytning, ges inte. 

Bland de relativt fitaliga nyheterna i textdelen kan namnas jonradier enligt Ah- 
rens. I tabellerna ha sedan férra upplagan tillkommit nya uppgifter for 400 mineral 
samt 230 nya namn. Speciellt vardefullt ar, att litteraturkallan uppgivits for nytill- 
komna data. PA s& satt erhalles t. ex. en mycket god 6versikt Over den rikliga aktuel- 
la litteraturen om faltspaterna. Fér faltspaterna och fyllosilikaten finns det dessutom 
éversiktsdiagram i enlighet med de nyaste ronen. mi 

I klassifikationen har féga andrats. En viss omgruppering bland silikat och fosfat 
kan namnas, jamte smarre omflyttningar. Sa vitt man kan bedéma utan systematisk 
genomgang ar den nuvarande uppstallningen konsekvent och oftast forvanansvart up 
to date. Som enstaka exempel pa undantag kan namnas grupperingen av fluoalumina- 
ten, dar en uppstillning i enlighet med A. Pabsts forslag (Am. Min. 1951) synes 


fornuftigare. 
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Tabellernas klassifikation och systematik ha, sedan de forst presenterats, ront vitt- 
giende uppskattning och pa manga hall annammats som bas for mineralsystematiken, 
vilket tillrackligt vittnar om férdelarna. Sjalvfallet kunna tabellerna med sin kemiskt- 
strukturella grund inte ge uttryck at mineralens karaktar av naturprodukter. Ur denna 
synpunkt ar ett paragenetiskt betraktelsesatt langt mera fruktbart. (Se t. ex. Machat- 
skis senaste larobok.) 

Som systematisk grundval for registrerings- och arkiveringsandamal ar Strunz sy- 
stem dock ovarderligt p& grund av sin klarhet och konsekvens, samt inte minst den 
objektiva prageln, som en genetisk klassifikation val aldrig kan fa. Likasa ar Strunz’ 
bok i sin nya upplaga av stérsta varde som innehallsrik, valdisponerad och beundrans- 
vart komplett och up to date strukturkemisk datasamling for den, som ur mineralo- 
gisk eller geokemisk utgangspunkt sysslar med kristallkemiska problem. Slutligen 
kommer den sakert att otaliga ganger tjana som hjalpsam och raddande Angel, nar 
man hastigt vill veta vad som déljer sig bakom ett apokryfiskt eller bortglomt mine- 
ralnamn eller sdker namnet pa en viss kemisk forening. I det sistnamnda fallet kom- 
mer ett fullstandigt formelregister till god anvandning. 

O. Brotzen 


Palaeontology. Vol. 1, Part 1. Published by the Palaeontological 
Association. November 1957. Pris £ 1. 15 s. (mot arsavgift £ 2. 2 s. 
erhaller medlem Vol. 1, Parts 1—2). 


Paleontologin har av gammalt haft manga och framstaende ut6vare i Storbritan- 
nien. Harom vittnar bl. a. den statliga serie av monografier, som sedan 1847 utgives 
av Palaeontographical Society. Uppsatser med paleontologiskt innehall upptar som 
bekant ett icke obetydligt utrymme saval i Geological Magazine och Quarterly Jour- 
nal of the Geological Society som i de periodiska skrifter, som publiceras av skilda 
naturvetenskapliga sallskap och lokala geologiska foreningar. Ett speciellt forum for 
paleontologiska arbeten av mindre eller rel. begransat omfang har emellertid hitin- 
tills saknats i Storbritannien. Denna brist har nu avhjalpts i och med att Palaeonto- 
logical Association (bildad 1957) utsant forsta haftet av den nya tidskriften Palaeon- 
tology. Denna ar avsedd att utkomma med tva haften om 4ret och star 6ppen for 
arbeten inom alla riktningar av den rena och den stratigrafiska paleontologin. Det 
nu foreliggande haftet om 86 sidor omfattar sju uppsatser med omvaxlande och var- 
defullt innehall. De atfoljes av inalles 14 planscher, som ar mycket val utforda och 
reproducerade. Overhuvud taget framtrader den nya tidskriften i en synnerligen so- 
ber och tilltalande yttre drakt. Man har all ratt att vanta, att Palaeontology pa ett 
utmarkt satt kommer att kunna fullfolja sitt syfte att framja den paleontologiska ve- 
tenskapen. 


G. Regnéll 


ARNO SCHULLER: Die Eigenschaften der Minerale. I. 4. neubearb. Auf- 
lage. Akademie-Verlag, Berlin 1957. 
Pris i linneband DM 23:— 


Omslagsbilden till fjarde upplagan av Arno Schiillers redan valbekanta verk fore- 
staller Georg Agricola med en larljunge, och den bilden ar val vald. Schiillers bok 
ar i var tid lika férebildlig som Agricolas mineralogiska och metallurgiska arbeten 
var det for fyrahundra ar sedan. Det ar en av de f& bécker, som en berggrundsgeolog 
verkligen kan ha nytta av att ta med i falt. 

Boken bérjar med en klart uppstialld bruksanvisning, dar till och med de trettiotv’ 
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kristallklasserna ter sig njutbara. Inledningen innefattar ocks{ en Sversikt dver mine- 
ralens genes och en beskrivning av de olika grundamnenas blasrérsreaktioner. Kanske 
borde dock boraxpiarlans och trakolsbitens vittnesbérd ha kompletterats med upplys- 
ningar om spektroskopets anvindning. 

I den langa rad av best&imningstabeller, som utgér forsta delens vasentliga inne- 
hall, indelas mineralen efter glans, farg, hardhet och, slutligen, kemisk sammansitt- 
ning. Glansen ger huvudgrupperna, tre till antalet (I, metallglansande mineral; II, 
halv- eller icke-metalliska, glinsande mineral; III, ‘gemeinglanzende Mineralien’), 
Fargen bestammer forsta undergrupperna (i huvudgrupperna II—III ir streckets 
farg utslagsgivande) och hardheten andra undergrupperna. I de senare fr mineralen 
ordnade efter den kemiska sammansittningen; salunda fdljer metallerna fdrst samt 
silikaten och de organiska mineralen sist. 

For varje i tabellerna upptaget mineral anges kemisk sammansattning, farg, streck 
och/eller glans och genomskinlighet, hardhet, spec. vikt, kristallografiska data (system, 
habitus, rymdgrupp och klass), spaltbarhet, brott, form, struktur, likartade mineral, 

raktisk anvandning, forekomstsatt samt atféljande mineral eller bergarter. Mineral- 

forteckningen Ar fullt tillfredsstallande till sitt omfang; till exempel saknas varken 
axinit eller knopit. Dessutom finns sarskilda bestamningstabeller for de radioaktiva 
mineralen, med separat register. (Tryckfel: Carnotit beskrivs icke pA s. 190 utan pa 
s. 188.) Pa bokens allsidiga anvandbarhet kan féljaktligen icke klagas — och anda 
stannar sidantalet vid 200. En resehandbok aven vad tjocklek och vikt angar! Men 
man stoppar den tyvarr inte i fickan — parmformatet ar 17,5 X 24,5 cm. 
Per H. Lundegardh 


Bottovskoy, Est.: Diccionario Foraminiferologico Plurilingiie en cinco 
, idiomas: Inglés, espanol, aleman, francés y ruso. Ministerio de 
Marina S.H. Pub. Misc. no. 1001. Buenos Aires 1956. 


Ett speciellt lexikon pa fem sprak, borjande med engelska och slutande med ryska 
for varje uppslagsord samt férsett med ett utfdrligt register pa de olika spraken, ar 
en mycket valkommen foreteelse. Boltovskoy har gjort sitt arbete mycket ordentligt. 
Alla begrepp, som har att géra med saval recenta som fossila foraminiferer, finns 
upptagna. Darfér blir boken med sina 2090 behandlade ord sakerligen av storsta 
varde for den stora skaran av foraminiferforskare, men Aven andra paleontologer kan 
knappast undvara detta lexikon, som berér flera paleontologiska begrepp pa fem 
sprak mer 4n nistan alla andra paleontologiska, geologiska och zoologiska ordbocker. 
Salunda finns under »V» bl. a.: vacuole, valid, value, valve, valvular, variability, 
variable, variation, vast, ventral, verification, vermicular, och t. 0. m. very rare, very 
small, vicinity och vitreous: och under »S» finner man: siliceous, siliceous spicule, 
silicification, silt, silty mud och silty sand. ; sitiede 

Pa grund av att boken berér olika geologiska och paleontologiska begrepp i handig 
form p& de fem varldsspraken énskar man se den spridd till alla vara geologiska och 


aleontologiska institutioner. 
4 e Fritz Brotzen 
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Oversattningar av rysk geologisk och paleontologisk litteratur 


Under de tre senaste 4ren ha Ater talrika kontakter kunnat knytas med geologiska 
och paleontologiska forskningsinstitutioner i USSR, och samtidigt ha publikations- 
verksamhet och litteraturbytesaktivitet matt betydande omfattning. Den ryska veten- 
skapsakademins huvudbyteslistor uppta under rubriken »Geologi och mineralogi» aM 
publikationsserier (under huvudrubriken »Geologisk-geografiska vetenskaper» inklu- 
deras dessutom hydrogeologi, oceanografi, limnologi, vulkanologi, glaciologi och geo- 
grafi med sammanlagt 11 ytterligare serier). Under rubriken »Paleontologiy upptas 
tva serier (under huvudrubriken »Biologiska vetenskapery med 78 publikationsserier 
upptas dessutom serien »Paleobotanika»). I en supplementlista fran forra aret upptas 
under »Geologisk-geografiska vetenskaper» 15 serier, framst fran akademins filialer, 
varav 14 dro geologiska, samt under rubriken »Biologiska vetenskaper» serien »Vopro- 
sy mikropaleontologii». Detta imponerande antal serier bottnar delvis i en langt ga- 
ende specialisering, varfér endast forsta numret hunnit utkomma i manga av serier- 
na. Unionens naftaforskningsinstitut VNIGRI ger ut en stérre serie, dominerad av 
sviten »Mikrofauna SSSR». Paleontologiska laboratoriet vid »Leningrads statsuni- 
versitet med A. A. Zdanovs namn» har kommit med tva volymer i serien »Voprosy 
paleontologiiy. Till allt detta kunna laggas geologiska och paleontologiska artiklar i 
»Izvestiia AN SSSR» och »Doklady AN SSSR» samt de olika forskningsinstitutens 
och delstaternas vetenskapsakademiers serier, inklusive Estniska vetenskapsakademins 
»Geoloogia instituudi uurimused—Trudy instituta geologii». Den senare serien ar den 
enda av de beroérda publikationerna, som efter kriget utkommit med sammandrag pa 
annat sprak an ryska och ukrainska, namligen pa estniska. 

Den fennoskandiska urbergsskéldens 6stra delar ligga inom Sovjetunionens omra- 
de. Sveriges kambrosiluravlagringar ha sin naturliga fortsdéttning i Estland. En stor 
del av det nordeuropeiska kvartéra nedisningsomradet faller likaledes inom USSR. 
Ryskan ar numera »kongressprak» men férstas av ytterligt f& vasterlandska geologer, 
och det har darfér blivit alltmera Onskvart att skrifter, som ligga nara svenska forsk- 
ningstemata, goras tillgangliga pa svenska eller internationellt gangbart sprak. 

Pa framstallning av prefekterna for de geologiska och paleontologiska institutioner- 
na i Uppsala och Lund och mineralogiska och geologiska instituten vid Stockholms 
hégskola beviljade Statens naturvetenskapliga forskningsrad 12000 kr fdr heltidsan- 
stallning av en 6versattare under ett ar fran den 1 juli 1957. Gversattningarna utféras 
av fil. kand. fru Malwine Gumbel vid Paleontologiska institutionen i Uppsala, som 
staller arbetsplats, erforderlig handbokslitteratur och handledning till férfogande samt 
utfér vissa delar av reproduktion och distribution. 

Oversittningsspraket fr tyska. I stallet for den vanliga tyska transkriptionen av 
frikativor (sch, tsch, schtsch) i mamn etc. ha diakritiska tecken anvants, medan w bi- 
behallits. Termer ha vanligtvis éversatts etymologiskt, da det visat sig for tidskra- 
vande att konsekvent genomféra moderna termsystem vid granskningen. I tabeller 
med siffror och systematiska namn ha endast tabellhuvudena Sversatts. Det ar allts& 
inte fraga om fullstandiga tyska editioner av de dversatta arbetena utan en hjalp att 
detaljerat kunna taga del av innehallet i text och illustrationer i originalarbetet. 

Oversattningarna ha inriktats dels pa mera sammanfattande arbeten, dels p& ar- 


beten vilka behévts vid pagaende forskningsarbeten. Féljande nummer ha redan far- 
digstallts och distribuerats: 


No. 1: A.M. Osur: Die Dendroideen im Nord-Westen der Russischen Platt- 
form, (A.M.O6yr: Jlenpzpomgzen ceseposanaga Pyecro i TAT PO pMEL) 
— Tpyast Beecowsnoro nedranoro nay 4o-necaeqobaredbeKOTO MHCT- 
utyta. Brinyer 78. JTenmarpay 1953. 
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No. 2: A.F. Asustx: Die Ostracodenkomplexe im Silur der Sibirischen Platt- 
form. (A. ®. Adymuk: Komnuercei OcTpakoz b cuaype Cub6upcroii 
Haamdopmet. — Becrumsk Jlenmarpagenoro ynnasepenrera. No. 6. Cepna 
reouorum mw reorpagun. Bemyce 1. Wenmurpag 1957. 

No. 3: B. W. Timoreev: Uber das Alter der Ostrog-Schichten in Wolhynien 


und iiber ihre Lage im Profil der palaozoischen Ablagerungen. 
(b. B. Tumoees: O sospabre Ocrpoxcknx canoes na Boman nu ux 
NOTOKeHMM B paspese NateosolicKkMx OTAOKenMM.) — Jlonmagu AKayemmn 
Havk CCCP.. Tom 107, No. 6 Jlenmurpag 1956. 

No. 4: B. W. Timorgeev: Die Hystricosphaeridae des Kambriums. (B. B. 
Tuo dees: Hystricosphaeridae KemOpust.) — Ibidem. Tom 106, No. 1. 
Jlenmurpay 1956. 


Féljande Gversattningar befinna sig i januari 1958 i olika stadier av kontroll eller 
renskrivning (endast 6versattningstitlar angivas) : 


A. P. WinoGRADOW u. a.: Die Isotopenzusammensetzung des Schwefels 
in Pyriten sedimentarer Genesis (valda delar). 

A. P. Wixnocrapow u. a.: Die Isotopenverhaltnisse S®2/S34 in den 
Sulfiden (valda delar). 

A. I. Necxaya: Neue Ostracodenarten aus den ordovizischen Ablage- 
rungen des nordwestlichen Teils der Russischen Plattform. 

A. I. Necxaya: Die ordovizischen Tetradelliden des Baltikums und 
ihre stratigraphische Bedeutung. 

E. W. SANCER: Gegenwartiger Stand der Theorie von der Quartar- 
vereisung. 

‘ O. I. NrxtrorowA: Stratigraphie und Brachiopoden der silurischen 

Ablagerungen Podoliens (stratigrafiska delen). 

E. A. BALasowa: Zur Entwicklungsgeschichte der Gattung Asaphus 
im Ordovizium des Baltikums. 

W. N. Paw.tinow: Die Erforschung der Graptolithenfauna in der 
UdSSR. 

A. I. Verte: Uber die Laminariten- und Postlaminariten-Schichten 
des Unterkambriums in der Estnischen SSR. 


Fér att kunna avgéra 6versattningsarbetenas fortsattande fa vi uppmana forskare 
vid intressentinstitutionerna att inkomma till Paleontologiska institutionen i Uppsala 
med arbeten, som Onskas 6versatta. Enligt Forskningsradets direktiv skall Oversattaren 
stallas till férfogande »da sarskilt trangande behov anmils fran annat amnesomrade». 
Efter dversattning tillstalles manuskriptet den bestallande institutionen, vilken ombe- 
sérjer granskning och utskrift pa stencilblad fér spritduplicering i format A 4, vilka 
returneras till Uppsala, dar de férses med nummer och originaltitlar, reproduceras, 
hiftas och distribueras. Genom att de flesta 6versattningarna hittills bestallts fran 
Paleontologiska institutionen i Uppsala har en viss anhopning av dupliceringsklara 
arbeten skett, dA omritning av tabeller etc. visat sig vara oparaknat arbetskravande. 
Bestillare av éversattningar skola sjalva ombesérja omtecknandet av tabeller pa sten- 
cilblad. 

F. n. géres en begransad éverupplaga av 6versattningarna. Forskare i omedelbart 
behov av utforda éversattningar kunna erhalla sadana efter rekvisition fran Paleonto- 


logiska institutionen i Uppsala. 
Anders Martinsson 
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Motet den 16 januari 1958 


Narvarande 53 personer. 

Ordféranden, hr T. Eriksson, 6ppnade sammantradet och meddelade: 

Den 16 februari 1957 avled bergsingenjor Hans Herman Smith, Bromma, i en alder 
av 85 ar. 

Smith, som var fodd i S:t Petersburg den 28 juni 1872, utexaminerades fran Bergs- 
akademien i Freiberg 1894. Aren 1896—1900 var han gruvingenjér vid AB G§llivare 
malmfalt och 1900—02 vid AB Nautanens kopparfalt. Samtidigt med dessa anstallning- 
ar var han som konsult knuten till Bede Metal & Chemical Ltd i Hepburn, England. 
Sedan flyttade han till Norge och innehade en gruvkonsultbyra forst i Trondheim 
1904—09 och darefter i Kristiania-Oslo 1909—51. Sistnamnda ar bosatte han sig 
i Bromma. — Var Forening tillhérde han sedan 1893. 

Den 2 september avled férre professorn vid Tekniska Hégskolan Wolmar Fellenius i 
en alder av nara 81 ar. 

Fellenius, som var valkand fér otaliga generationer vag- och vattenbyggare, var 
fodd i Salems socken den 10 september 1876 och utexaminerades 1898 fran Tekniska 
Hogskolans avdelning for Vag- och vattenbyggnadskonst. Efter en kortare anstallning 
vid S. J. tjanstgjorde han aren 1899—1903 som forste bitr. ingenjor vid Norrképings 
stads byggnadskontor och 1903—05 som stadsbyggmastare i Harnésand samt 1905—11 
som avdelningschef vid Géteborgs hamnstyrelse. Aren 1911—42 var Fellenius professor 
i vattenbyggnad vid Tekniska Hogskolan. Som hégskollarare och forskare har han ut- 
dvat en betydelsefull garning, sarskilt inom hamnbyggnadskonsten, det vattenbyggnads- 
tekniska forsdksvasendet och geotekniken, och han var en pionjar inom omradet arme- 
rad betong. I hans stora produktion markes »Utredning av erosionsrisker genom par- 
tiell reglering av Siljan» (1922, tillsammans med L. von Post). 

Var forening tillhorde han sedan ar 1920. 

Den 12 december avled férre disponenten vid AB Smalands Taberg och Skandina- 
viska Gruf AB Algot Goldkuhl i en alder av 78 ar. 

Goldkuhl, som var fédd i Vaxj6 den 4 mars 1879, utexaminerades fran Tekniska 
H6gskolan 1901 och blev efter kortare anstallningar som gruvingenjér vid Nora berg- 
slags gemensamma gruvférvaltning och Persbergs Gruf AB gruvingenjér vid AB Nau- 
tanens kopparfalt 1907—09. Aren 1909—14 var han verksam som gruv- och byggnads- 
ingenjor i Canada och U. S. A. Darefter var han 1914—28 gruvingenjér och 1928—44 
verkstallande direktér vid St. Langviks Gruf AB samt sedan 1940 verkstallande direk- 
tor i AB Smalands Taberg och Skandinaviska Gruf AB. Goldkuhl foretog aren 1907— 
14 studieresor till Tyskland, England, Canada, U. S. A. och Mexico. Var Férening till- 
horde han sedan Ar 1929. 

Den 13 december avled professor Paul W. Thomson i Bonn i en Alder av 66 ar. 

Thomson, som var av tysk hirkomst féddes i Reval den 22 december 1891 och blev 
efter studier vid universitetet i Riga fil. dr dir 1927. Aren 1928—40 var han docent i 
torvgeologi och paleobotanik vid universitetet i Dorpat och sistnamnda Ar blev han 
forestandare for Geol. Palaontologisches Institut vid universitetet i Posen och fick 1945 
anstallning som geolog vid Amt fiir Bodenforschung i Krefeld. Darefter blev han pro- 
fessor i paleontologi vid universitetet i Bonn och chef fér avdelningen for kolgeologi 
vid Geologische Landesanstalt i Diisseldorf. I hans produktion, som omfattar stenkols-, 
brunkols- och torvmarksflororna mirkes »Die regionale Entwicklungsgeschichte der 
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Walder Estlands» (1929) och »Beitrag zur Kenntnis der Sporomorphenflora im Unter- 
und Mitteldevon» (1952). — Thomsons intresse for pollenanalytiska fragor fdrde 
honom i narmare kontakt med Lennart von Post, med vilken han sammantraffade i 
samband med Viskadalsundersékningarna under 1930-talet. Thomson deltog i VII 
Internationella Botanikerkongressen i Stockholm 1950. Han var medlem av vir Féor- 
ening sedan 1928. 

_ Jag lyser frid éver de bortgangnas minne. 

Till ledamGter i Foreningen har Styrelsen invalt civilingenjor Gustaf Lilljekvist, 
Stockholm, féreslagen av hrr Gabrielsson och Ahman, och geologen fil. kand. Anne 
Reintamm, Stockholm, féreslagen av hrr Brotzen och Ahman. 

Statens Naturvetenskapliga Forskningsrad har beviljat Féreningen 21000 kr fér ut- 
givande av Geologiska Féreningens Férhandlingar under innevarande r. 

Cirkular med inbjudan till Geologiska Féreningens i Wien héstméte den 27 sept.— 

9 okt. har kommit Féreningen tillhanda liksom inbjudan till Bergs- & Hyttdagarna vid 
Bergsakademien i Freiberg den 28—31 maj 1958. Vidare upplysningar lamnas av 
sekreteraren. 
_ Statsgeologen Walter Larsson, Sveriges geologiska undersékning, har dvertagit redak- 
torskapet for »Revue annuelle de la littérature géologique suédoisey. Denne fr tack- 
sam for separat av och upplysningar om geologiska arbeten etc. publicerade i svenska 
och utlandska tidskrifter. 

Styrelsen har utsett hr F. E. Wickman, Stockholm, till svensk delegat vid det 
konstituerande métet for International Mineralogical Association i Madrid den 6 april 
1958. 

Ordet 6verlamnades darefter till hr E. Fromm, som lamnade ett kort meddelande 
med titeln: Ett formodat interglacialfynd nara Lulea. 

Fyndet, submoran torv, gjordes foregaende vinter vid en brunnsgrayning i Ale, ca 2 
mil vaster om Lulea, i den flacka terrangen blott nagot tiotal m éver havet. Lagerf6lj- 
den ar enligt upptackaren, folkskollarare A. Flinkfeldt, 6verst 2 m mo och lera, darun- 
der 5 m moran, och underst ett tunt torvlager och sand, av vilka ett prov tillvaratogs. 
Sedermera har provets innehall ay makro- och mikrofossil undersokts. 

Mossan i torven har bestamts av fil. dr Herman Persson, som meddelat foljande: 
»Materialet tillhor utan all tvekan Tomenthypnum nitens. Med stor sannolikhet ar det 
ej fraga om den i laglandet och fjallens lagre delar forekommande karrformen, utan 
om en av de ganska starkt avvikande former, som har sin egentliga utbredning i den 
alpina regionen pa fjallhedar och pa tundrorna i Arktis, dar laglandsformen tycks 
saknas.» 

Pollenfloran domineras av icke-tradpollen, mest graminéer och cyperacéer. Salix ar 
ocksa vanlig. Diatoméfloran, som granskats ay dr R. W. Kolbe, ar en ren sotvattens- 
flora av karrtyp, utan baltiska inslag, vilket ar av vikt ur nivaforandringssynpunkt. 

Dessa olika fakta tyda tillsammans pa att torven och sanden harrora fran ett kallare 
skede av en interglacialtid, eller méjligen fran nagon stor interstadial i en tidigare del 
av Wiirmnedisningen. Det ar att hoppas, att en kommande C14-bestamning kan ge en 
definitiv minimialder. Fér varje ny interglaciallokal, som kan bekraftas, 6kas ocksa san- 
nolikheten for att nagra av de talrika icke fossilférande »oscillationslagerf6ljderna» 
kunna innehalla bildningar, aldre an den sista landisens recession. ; 

Docent M. Bath, Uppsala, héll sedan ett med talrika ljusbilder illustrerat foredrag 
med titeln: Nagra aktuella problem inom seismologisk forsk- 
ning. 

Bere tats i Amnet kommer att inflyta i ett kommande hafte av F orhandlingarna. 

I anledning av foredraget yttrade sig hrr Asklund, Bergquist, Brotzen, Gavelin, Ma- 
laise och foredragshallaren. 

Vid métet utdelades nr 491 av Férhandlingarna. 
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Narvarande 43 personer. 

Ordforanden, hr T. Eriksson, éppnade métet med féljande anforande: 

Den 29 januari avled professor Helge Backlund i en alder av 79 ar. 

Backlund, som var fédd i Dorpat den 3 september 1878, dar fadern var professor 
i astronomi, verkade efter studier i S:t Petersburg som assistent och kustos vid geolo- 
gisk-mineralogiska museet darstades under aren 1902—1917. Vid revolutionen tvangs 
han att lamna sin befattning och kom till Finland, dar han aren 1918—1924 var pro- 
fessor i geologi och mineralogi vid Abo Akademi. Sistnamnda ar kom han tll Uppsala, 
dar han verkade som professor i geologi med petrografi och mineralogi till pensionsal- 
derns intriade Ar 1943. Backlund deltog i omfattande arbeten i Sibirien aren 1904— 
1905, 1911, 1915—1917 och i Argentina som statsgeolog aren 1912—1913 samt gjorde 
otaliga forsknings- och studieresor till nastan alla Europas lander samt till Spetsbergen, 
Faroarna och Gronland. 

I mer An hundratalet skrifter har Backlund framlagt rén av stérsta varde rorande 
bergskedjor av skilda aldrar och geologiska processer i jordskorpans djupare delar. Des- 
sa problem ledde honom éver till studier av vart svenska urberg och fjallkedjan samt 
fragan om graniternas natur och bildningssatt, och han kunde pavisa, att stora delar 
av vart lands granitiska berggrund leder sitt ursprung fran sedimentara och ytvulkaniska 
bergarter. : 

Som akademisk larare gjorde Backlund en utomordentlig insats och anskaffade till 
sin institution trots blygsamma arsanslag en modern optisk instrumentutrustning, som 
mdjliggjorde tillampandet av moderna undersdkningsmetoder i den petrografiska forsk- 
ningen och undervisningen. 

For sina insatser pa den geologiska forskningens omrade beloénades han ar 1943 med 
Gustaf Steimmann-medaljen och en festskrift i Geologische Rundschau. 

Var Forening tillhérde han sedan ar 1908. Han bekladde posten som ordf6érande ar 
1925 och styrelseledamot ar 1926. 

Jag lyser frid 6ver den bortgangnes minne. 

Till ledaméter 1 Foreningen har styrelsen invalt bergsingenjér Karl-Axel Bjérkstedt, 
Grangesberg, foreslagen av hr Odman, fil. stud. Alf Svensson, Lund, foreslagen av hrr 
T. Nilsson och G. Regnéll samt dr. phil. Hans Zweifel, Boliden, féreslagen av hrr T. 
Du Rietz och F. Kautsky. 

Cirkular nr 2 rérande det VII Nordiska Geologmétet & S. G. U:s 100-Arsjubileum i 
sommar 4r under utsandning. 

Hr F. Brotzen har till Styrelsen inlamnat ett forslag till Andring av mom. 2 i § 6 av 
Féreningens stadgar, en punkt, som ror invalet av korresponderande ledaméter. Fél- 
jande lydelse foreslas: 

2. Korresponderande ledaméter, vilka skriftligen foreslas hos Styrel- 
sen, som efter samrad med ytterligare sakkunniga férrattar invalet. Endast utlanning 
ma etc. 

Docent Pontus Ljunggren, Lund, héll darefter ett féredrag med titeln: Central 
amerikas ekonomiska geologi. 

I anledning av foredraget yttrade sig hr Dahlman och foredragshallaren. 
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Kungl. Maj:t har den 30 dec. 1957 tillagt statsgeologerna fil. doktorerna B. Ask- 
und, Djursholm och G. Lundqvist, Seeclsdad. professors namn. 

Prof. O. Mellis, Stockholm, har pa inbjudan av universitet i Freiburg hallit fem 
astforelasningar Over egna fotcbiecak och Sveriges geologi under tiden 10—16 jan. 
958. 

Prof. O. H. Odman, Stockholm, har fr. 0. m. 1 febr. 1958 Atergatt till sin professur 
id Kungl. Tekniska Hégskolan. Odman 4r i fortsattningen konsulterande geolog At 
rafik-AB Grangesberg-Oxelésund. 

Professor O. Mellis, Stockholm, har férordnats att under varterminen 1958 uppe- 
alla den med professuren i mineralogi och petrografi vid Stockholms hégskola fér- 
made undervisnings- och examinationsskyldigheten. 

Docent Pontus Ljung gren, Lund, har forordnats att under varterminen 1958 uppe- 
alla den med professuren i geologi, sarskilt petrografi och mineralogi, vid Lunds uni- 
rersitet f6renade undervisnings- och examinationsskyldigheten. 

_ Fil. dr Maj-Britt Florin, Uppsala, har férordnats till docent i botanisk kvartargeologi 
id Uppsala universitet. 

Magn. Bergvalls stiftelse har tilldelat prof. Lambert Wiklander, Uppsala, 2000 kr 
6r mineralogiska och fysikalisk-kemiska undersdkningar av lerfraktioner fran odlade 
ordar. 

Fil. kand. O. Persson, Lund, har erhallit ett resestipendium om kr 1500 for en resa 
ill Australien for jamférelse mellan den nordeuropeiska och den australiska kretaceiska 
narina reptilfaunan. 

Kungl. Vetenskapsakademien har vid sammantrade den 22 januari till utlandsk leda- 
not invalt professor C. Correns, Gottingen. 


Sveriges Geologiska Undersoknings senast 
utkomna publikationer aro: 


Ser. Aa. Geologiska kartblad i skalan 1: 50000 med beskrivningar 
Priset for karta i Ser. Aa med beskrivning ar 10:— kr, for karta enbart 8:— kr 
(Price: map sheet + descriptive text Sw. kr. 10:—, map sheet Sw. kr. 8:—) 
N:o 187 Varvik av W. Larsson och R. SANDEGREN. 1956 
» 195 Sao av P. H. LunpeGARDH och R. SANDEGREN. 1953 
» 196 Vasterds av P. H. LunpEGARDH och G. Lunpgvist. 1954 
» 197 Laholm av W. Larsson och C. CaLpentus. T. v. utan beskrivning 
» 198 Halmstad av W. Larsson och C. CALDENTUS. » » » 
» 199 Uppsala av P.H. LunpecArpu och G. Lunpgvist. With English summaries. 1956: 


Ser. Ad. Agrogeologiska kartblad i skalan 1: 20000 med beskrivningar 


Priset for karta i ser. Ad med beskrivning ar 8:— kr, for karta enbart 6:— kr. 
(Price: map sheet + descriptive text Sw. kr. 8: —, map sheet Sw. kr. 6:—) 


N:o 6 Kévlinge av G. ExstrOém. 1955, t. v. utan beskrivning 


» 7 Teckomatorp » » » pS » 
» 8 Trollenis » » » » » » 
» 9 Bosjékloster » » 1956, » » » 
Ser. C. Arsbok 51 (1957) 
N:o 550 Lunpevist, J., Ovre Klaralvsdalens kvartargeologi. — With an English sum- 
mary. Med 3 planscher. 1957... . . . 5,00 
» 551 Lunpevist, J.,Geokronologiska ondensikutacat i "yacataned Med ¢ en plaaschs 
—With an English summary. 1957 .... ~ 2700 
» 552 Sunp, R. B., Nyare undersékningar inom er oe iSepiaae ae 
—With an English abstract: L957.) ne . 3,00 


» 553 LunpEGARDH, P. H., Goteborgstraktens beteerane = Wits an English sum- 
mary. Med en plansch (in print) 

» 554 Lunpevist, J., C-dateringar av rekurrensytor i Varmland. — English sum- 
mary: C*-determinations of recurrence surfaces in Varmland, Western 


Swedeng lon is cues . 2,00 
» 555 Auman, E. , Degerberget, emees! och Thane Nagra ae ur Peon 

dets ereguahd pooled —With an English abstract. 1957 . ... . . 2,50 
» 556 Assarsson, G., Kristallisationserscheinungen und Paragenese in den Spe 

men der Afklichlotide=s pls lbaekicnaeeene ee L9a7ee ne nee 00) 
» 557 Lunpevist, G., C't-analyser i svensk kvartargeologi.—With an English sum- 

mary. 1957) 4 o SR la Pe ee 


Arsbok 52 (1958) 


N:o 558 SrAndés, G., Rackebymassivet; ett vastsvenskt norit-gabbrointrusiv.— With 
an (English summary 1956):,) 0 3) 4. EI ce Se 4,00 
Ser. Ca. 


N:o 27 Ca.pentus, C., and Lunpstrém, R., The landslide at Surte on the river Géta 
alv.—Special chapters by B. FELLENtus and E. Monr&n. With 5 plates. 1956 16,00 
» 37 Gave in, S., och Kutuine, O., Beskrivning till berggrundskarta d6ver Vaster- 
bottens lan. Karta i skala 1: 400000. With English summaries. 1955. . . 45,00 


Distribueras genom — Distributed by 
Generalstabens Litografiska Anstalts Férlag, Drottninggatan 20, Stockholm 16 


KARNBORRMASKINER 


Craelius X 2 S luftdriven, for 100 meters djup 

Craelius X-4 luftdriven, for springhalsborrning 

Craelius XC-33.5 och XC-42, for el-. luft- eller 
kilremsdrift, for djup till 125 meter 

Craelius XC slaidmonterad, fér djup till 250 m 

Craelius XCH, for djup till 300 m 

Craelius XF, for djup till 300 m 

Craelius XFH, for djup till 300 m 

Craelius AB-2 och AB-50, for djup till 350 m 

Craelius XH och XH-50, for djup till 600 m 

Craelius XH-60 och XH-90, for djup till 600 m 

Craelius XL och B-3, for djup till 1.200 m 

Craelius XO-2, for djup till 2000 m 

Craelius B-35, for djup till 3.500 m 

Craelius B-4, for djup till 4.000 m 


Vi utfora Gven undersokningsborrningar 
och brunnsborrningar pd kontrakt med 
egna maskiner och erfaren personal. 


SVENSKA 


_ DIAMANTBERGBORRNINGS AB 


Kungsgatan 44 - Stockholm C - tee Adamante - Telefon: 233380 ~ : 


a a ee cane a ee 


ABEM | 27 utfora: 


Geologiska och geofysiska undersékningar for upp- 
letning av malm och olja med magnetiska, gravime- 
triska, geoelektriska och seismiska metoder. Prospek- 
tering efter jarn-, sulfid- och uranmalmer med flyg 
buren utrustning. Jorddjupsmatningar pa land och 


i vatten. 


vt tillverka och forsilja : 


Geofysiska instrument: 


Magnetometrar 
Gravimetrar 
Geoelektriska utrustningar 


Seismiska utrustningar 


Laboratorieinstrument: 


Oscillografer 


Galvanometrar 


AB ELEKTRISK MALMLETNING 


Danderydsgatan 11 — Stockholm O 
Telefon 23 02 55 


VATTENBYGGNADSBYRAN 


KONSULTERANDE INGENJORER OCH ARKITEKTER 


Ledamoter avy Svenska Konsulterande Ingenjérers Forening 


Kraftverk — Sjéregleringar 
Samhdallsplanering 
Vattenforsérjning — Avlopp 


HUMLEGARDSGATAN 29 — STOCKHOLM 
Telefon: lokal 22 85 80, riks 22 8930 — Telegram: VATTEN 


Harmed riktas en allvarlig uppmaning till forfattarna i Geol. Foreningens Forhand- 
lingar att avlamna tydliga, slutgiltiga, val genomsedda, maskinskrivna manuskript. 

Sarskilt bér uppmarksamheten agnas at strangt gnomford konsekvens betraffande 
skrivningen av namn, latiniserade ordformer och tekniska uttryck, samt at 
stilformernas riktiga betecknande (kursiv, sparrad, KAPITALER). Kursivstil anvan- 
des blott for latinska namn (ej f6r att understryka vikten av visst textinnehall), samt, i 
engelsk text, Aven for alla frammande ord, t. ex. the S-Regelung of the granite. Sparrad 
stil anvandes for att framh4ava vissa ord eller meningar i texten. Kapitaler an- 
vandas for personer i samband med citerade skrifter, t. ex. SAHAMA 1954 I manuskrip- 
tet utmarkes: 

sparrning med - -------- 

KAPITALER  »> 

kurstw » 

Konsekvens i foérkortningar ar i hég grad 6nskvard. Féljande detaljer kunna upp- 


marksammas: 

km dm m (antikva utan punkt). 

dr (doktor), prof. (professor), hr (herr). 

Citerade arbeten anféras i texten med angivande avy férfattarens namn och arbetets 
tryckar inom parentes (SAHAMA 1954), och sammanstallas i alfabetisk ordning vid upp- 
satsens slut (observera skiljetecknen och f6rkortningar) : 

Sanama, Tu. G., 1954: Mineralogy of mafurite. Bull. Comm. géol. Finl., N:o 166 


Korrekturlasning 4ligger forf. Red. 
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GEOLOGISKA FORENINGENS I STOCKHOLM FORHANDLINGAR 
utkomma med 4 haften arligen. Prenumeration mottages genom Nordiska bokhandeln, 
Stockholm 1, tel. 23 84 00 (vaxel). 


Bd 1—31 420 kr. Bd 71—73 420 kr. Generalregister till 
» 32 » 60 » » 74—78 » 30 » Bd 22—31 a 6 kr. 
» 33—65 » 20 » Generalregister till » 32—41 » 6 » 
» 66 » 30 » Bd 1—5 a 3 kr. » 42—50 » 6 » 
» 67—69 » 20 » » 6—10» 10 » » 51—60 » 6 » 


» 10 > 25 > » lI—2l» 6 » » 61—70 » 10 » 


Lésa haften av alla banden till pris beroende pa haftenas omfang. 

Medlemmar ay Féreningen erhalla genom skattmastaren de aldre banden av For- 
handlingarna och Generalregistret till halften ay det ovan upptagna bokhandelspriset. 
A losa haften lamnas ej prisnedsattning. (Styrelsens beslut d. ?7/1. 1922.) 


Geologiska Féreningens sekreterare, Fil. Lic. ErrK AnMAN och redaktér, Docent 
P. H. LunpvecArops, traffas i Foreningens angelagenheter 4 Sveriges Geologiska Under- 
sokning, tel. 34.97 90, sakrast tisdagar och torsdagar kl. 13—14. 

Féreningens ordinarie méten Aga rum férsta helgfria torsdag i manaderna 
februari, mars, april, maj, oktober, november och december. Januarimitet hAlles pA 
den torsdag, som infaller under tiden 10—16 jan. Anslag om féredragnings- 
listan finnas minst 3 dagar fére sammantradet uppsatta pA anslagstavlorna A ett 
antal offentliga institutioner med geologisk anknytning i Stockholm, Uppsala och Lund. 

Personlig kallelse till sammantradena utfardas till ledaméter, som sA 6nska. 

Haftena utdelas sammantradesdagarna i januari, mars, maj och november. 

Uppsatser, avsedda att inféras i Férhandlingarna, insandas till Féreningens redaktor, 
Stockholm 50. Atféljande tavlor och figurer skola vara fullt fardiga till reproduk- 
tion, da de jamte uppsatsen sandas. ; 

I Férhandlingarna ma uppsatser inféras antingen pa skandinaviskt sprak eller pA 
engelska, franska eller tyska. Foérfattare vare skyldig att bifoga i det forra fallet dver- 
sattning av titel och figurtexter samt kort resumé pa engelska, franska eller tyska, 
i det senare fallet, da Styrelsen anser sadan 6nskvard, resumé pa skandinaviskt sprak. 

Manuskript, skrivet pa frammande sprak, skall vara granskat av sakkunnig sprak- 
man, varom meddelande gores till redaktéren. 

Darest korrektionskostnaderna for inford uppsats uppga till mera 4n 24 kronor pr 
tryckark, vare férfattare skyldig att erlagga det 6verskjutande beloppet, savida det upp- 
gar till minst 10 kr pr uppsats. ,; . 

Forfattare erhaller gratis av infoérda uppsatser 75 separat i omslag utan titel; ytterli- 
gare ex. samt ev. omslagstitel betalas av férf. Av notiser, anmalanden och foredragsre- 
ferat lamnas separat endast efter sarskild 6verenskommelse. 

Referat honoreras salunda (Foren. beslut **/1 1958): 

1 :sta sidan eller del darav efter 40 Gre pr tryckrad, 2:dra sidan efter 30 och 3:dje sidan 
eller del darav efter 20 dre pr tryckrad. Féljande sidor honoreras icke. 

Anmilan om féredrag och meddelanden géres i god tid hos sekreteraren. 

Ledamiternas Arsavgifter, vilka enligt § 7 av Foreningens stadgar skola vara er- 
lagda senast den 1 mars, inbetalas 4 postgiro 2108, Geologiska Foreningen, Stockhol = 
50, eller insandas till skattmastaren, Intendent O. GaBRIELson, St “ ckholm SO, till 
vilken aven lamnas uppgifter om andring av adresser och titlar. 

Arsavgiften utgoér kr 20:—, avgift sasom standry ledamot er 
Ledamot, som under en féljd av minst 20 4r erlagt arlig Kdatncavattt kan ae a 
dig ledamot mot en avgift av kr 125:—. Ledamot, som under 50 4r erlagt arlig avgift, 
A friad fran ytterligare Arsavgifter till Foreningen. 
eae aie Foreningen, Stockholm 50. Postgiro: 2108. Telefon: 34 97 90. 
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